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FOREWORD 
This document is intended to serve as a discussion paper for FDOT personnel and to 
provide general guidance as to the design 01 medians on major roadways. 
It summarizes the literature relating to median designs. Its focus is primarily on crash 
rates related to median type and design. In addition to the relatively large body of research in 
the recent literature, data are drawn from the significant but limited studies conducted in the 
1950's and early 1960's. Very little empirical information exists relative to a before-and-after 
comparison of operational characteristics. Also, information on the impact of the spacing of 
median openings is extremely limited. To date, the current NCHRP project 25-4 on the effect 
of median closures on businesses has provided little enlightenment on this topic. 
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INTRODUCTION 
The problems of applying access control to· a developed arterial pose some of the 
greatest challenges to today's traffic manager. Many studies have documented the damaging 
effects that closely spaced and/or inappropriately designed access points have on the quality 
of traffic flow provided by a roadway. Officials responsible for safe, efficient movement of 
traffic are certainly a ware of increasing accident rates and reduced levels of service that occur 
with an increase in traffic, an increase in access points or in most cases, both. 
Medial access control measures include both modifications ofroutesegments and point 
improvements. Route segment changes which are applicable to major roadways include the 
following: 
1. Installation of a nontraversable median; 
2. Replacement of a continuous two-way left-tum lane with a nontraversable 
median; and 
3. Closure or redesign of a median opening along an entire section of roadway. 
Point improvements/changes include: 
1. . Closure of a median opening; 
2. Redesigning a median opening so as to permit a selected movement(s) only; 
3. Adding a left-turn bay at a median opening; and 
4. Increasing the length of an existing turn bay to provide adequate queue storage 
and to reduce the speed differential between turning vehicles and through traffic. 
Implementation of median access control on existing roadways is commonly very 
difficult and expensive. Opposition by the owners of the adjacent properties and the affected 
businesses often make it difficult to obtain the necessary political acceptance. Concerns may 
also arise over the safety of resulting u-turn and weaving movements and the effect on business 
sales. 
However, it has been demonstrated that medial access control results in a substantial 
reduction in the number of crashes together with a reduction in the associated social and 
economic costs of deaths, injuries, and property damage; Other benefits include time savings 
and reduced fuel consumption. Furthermore, air quality improvement can be obtained through 
the implementation of access management techniques which will reduce vehicular emissions by 
improving traffic flow and reducing idling delay. Medial access control is also an effective 
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congestion mitigation strategy as part of the Congestion Management Systems required by the 
1991 In termodal Surf ace Transportation Efficiency Act. 
This paper summari.z.es the literature relating to median_ access control. Its 
primary focus is on crash rates related to median type and designs drawn from the 
recent literature. However, it also d.ra ws from the more significant research conducted in the 
1950's and 1960's. There is very little information relative to before and after information on 
the operational effects of changes in median design on traffic operations. The majority of such 
information in the literature is based on computer simulation and is not included herein. The 
two reasons for excluding these studies are: 1) The results of the model most commonly used 
in these studies (TRAFF-NETSIM) have not been verified by field studies. It is to be noted 
that the Fort Lauderdale District ofFDOT has such an evaluation in progress, and 2) A recent 
evaluation by the Texas Transportation Institute identified several shortcomings in NETS IM 
version 3 .2 that are relevant to the modeling of access spacing and design. The recently released 
version 5.0 alleviates some of these. However, there is still provision for expressly modeling u-
turns. 
The information summarized in this paper is intended to serve as a basis of discussion 
of median design practices and as general guidance to the design of medians on major 
roadways. 
Left-Tum Bays 
A left-turn bay should be provided at median openings to limit the speed differential 
between through traffic and left-turning vehicles, and hence improve safety (.32, ~. ~ • .11). 
Left-turn bays reduce the "shock wave" effect caused by a speed differential. Shock waves 
occur when left-turning vehicles are forced to decelerate in the through lanes, thereby causing 
through traffic to decelerate. The flow of traffic through intersections will be improved by 
ensuring that left-turn bays are designed with lengths sufficient to meet storage and 
deceleration requirements. 
Left-turns entering and exiting driveways account for the majority of total driveway 
crashes and a substantial amount of delay. In his studies in Skokie, Illinois conducted in the 
mid-1960's, Box (21), found that 70%of driveway crashes occurred when left-turning vehicles 
were entering or leaving a driveway. 
Agent (JR), illustrated the desirability of medians in order to provide left-turn lanes at 
intersections. He compared crash rates (left-turn crashes per million left-turning vehicles) at 
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signalized and unsignalized intersections in Lexington, Kentucky. At unsignalized intersections 
the average crash rate was 5.7 without a turn lane and 1.3 with a tum lane. Signalized 
intersections experienced an average crash rate of7.9 crashes per million left-turning vehicles 
where a turn lane was not present and 3.6 with a left-turn lane but without a separate left-turn 
phase. The average crash rate was only 0.8 at signalized intersections with turn lanes and a 
separate left-turn phase. These data clearly suggest the value of a median on left-tum turn 
lanes on major roadways. 
Left-turn maneuvers have been found to be involved in a disproportionately high 
percentage of crashes. For streets without medians or sufficient left-turn storage provisions, 
left-turns delay through traffic and reduce street capacity. In a 1967 report based on 21 months 
of crash data for 388 miles of divided urban and rural highways in North Carolina, Cribbins 
et al. (U), found that left-tum, rear-end crashes can be greatly reduced by construction of 
median area storage lanes. The authors concluded that median openings without left-tum bays 
are not necessarily hazardous under conditions oflow-volume, wide median, and light roadside 
development. However, as volume and development increase, the frequency of median 
openings has a significant effect on increasing th~ potential for vehicular crashes. 
In another study ofmultilane highways in North Carolina published in 1967, Cribbins 
et al. (16.), found that crashes involving an injury as well as the total number of crashes are 
closely related. Using a linear multiple regression equation, they found that 69% of the 
variance in crashes could be explained by five independent variables: 
• Posted speed limit 
• Traffic volume 
• Number of signalized openings per mile 
• Level-of-service index 
• Access-point index 
The level-of-service index was defined as the minutes per mile obtained by dividing 
travel time by length of route segment. The access-point index was defined as an estimate of 
all movements per mile entering and leaving private driveways, intersecting roadways, and 
commercial and industrial developments. This research found that about 35% of crashes 
occurring between intersections on four-lane divided highways happened at driveway median 
openings. As shown in Table 1, the largest percent of crashes at median openings involve 
vehicles attempting to cross four lanes through an opening on a narrow median. 
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Table 1 - Crashes by Frequency of Median Openings by Type of Crash 
Type of Crash Number Percent 
Hit while attempting to cross four lanes 899 38.5 
Hit from front while turning through opening 589 25.5 
Hit from rear while turning from outside lane 455 19.3 
Hit from rear while turning through opening 297 12.9 
Hit from rear after turning through opening A ....lL 
AJI Types, Totals 2308 100.0 
Source: Reference (lli, l %7 
A workshop by the Los Angeles, California, Area Chapter of the Institute of Traffic 
Engineers conducted in January 1966, indicated that properly designed left-tum median 
channelization will reduce head-on, left-tum, rear-end, and opposing sideswipe crashes (11). 
A before and after study of crashes on a 4-mile section of street in Denver, Colorado, 
by Thomas (l..&), also published in 1966, found that channelized left-turns achieved a 6% 
reduction in crashes involving left-turning vehicles compared to the before condition with no 
median. This study also showed a 52% decrease in rear-end crashes, as well as decreases in 
pedestrian accidents, parked car accidents, and accident severity. 
In another report, the American Automobile Association (12), found that 67% of the 
pedestrians injured by vehicles turning at intersections are hit by vehicles turning left. This is 
probably due to the fact that the driver of the turning vehicle is concerned with leaving the 
through lane while avoiding oncoming vehicles and fails to observe pedestrians. 
Rural Highways 
The data presented in Table 2 which was reported by Moskowitz in (11), 1961, are some 
of the earliest information which demonstrated the safety advantage of divided highways and 
access control. 
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These data for multilane highways are summarized in Table 3 for ready comparison. 
This comparison table clearly shows the safety benefit of divided roadways and marginal as 
well as median access control. The total average crash rate for 4-lane divided highways was 
found to be only 58% of the 4-lane undivided roadway. The additional benefit of marginal 
access control shows that the divided controlled access highways had a crash rate which is only 
41% of the 4-lane undivided roadways and 58% of the 4-lane divided highways (i.e., median 
access control but without marginal access control). 
The safety advantage of a median is evidenced by the relatively low head-on crash rates 
which are only 30% of that for the 4-lane undivided highways. Also, it is to be noted that the 
divided highways had much lower intersection crash rates than the 4-lane undivided highways. 
The 4-lane divided highways experienced an average intersection crash rate which is 6 7% of the 
4-lane undivided. More interestingly, the intersection crash rate of the divided controlled 
access highways was a mere 24% of that for the 4-lane undivided highways and only 36% of 
that for 4-lane divided highways. The fact that median access control results in reduced 
intersection crash rates has been verified by other research (10, 11, 12, 15). 
The findings that median access control reduces midblock crashes is to be expected 
because of the elimination, or restriction ofleft-turns. The lower midblock crash rate for the 
divided controlled access highways compared to the 4-lane divided rates (1.08 compared to 
1.22) indicates that the control of marginal access in addition to median access provides an 
additional safety benefit. This probably results from the larger separation of right-in/right-out 
conflict area where marginal access control is exercised. 
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Table 2 - Crash Rates On Rural Highways Related to Design 
Dividec:J<2> 
4-Lane 4-Lane(ll Controlled 
l!ndivided Divided Access E~:a:a:l3> 
Miles 167 210 794 430 
Million Vehicle-Miles 976 1,234 3,543 3,052 
Average Daily Traffic 15,997 16,130 12,224 19,449 
Rates<4l 
Total Reported Crashes 4.09 2.91 1.69 1.00 
Single- V chicle Crashes 0.38 0.40 0.43 0.28 
Collisions Between 2 or More 
Vehicles: 
(a) Between Intersections: 
(1) Head-on 0.20 0.06 0.06 o.o4s<S) 
(2) Non-Head-on 0.99 0.77 0.59 0.63 
(b) At Intersections 2.52 1.69 0.61 0.045 
Total Excluding Intersection 1.57 1.22 1.08 0.95 
Accidents· 
<
1
'4-Iane divided roads have a median separating opposing traffic but roadside access is controlled 
<
2
>nivided controlled-access roads are nearly all 4-lanes with a few miles of 6-lane. Opposing traffic is separated 
and there is no access except at intersections. However, intersections at grade are frequent and traffic enters and 
exits at large angles, approximating 90°. All State highways except freeways require approaching traffic on cross 
roads to stop before entering or crossing the State highway, unless the intersection is controlled by traffic signals 
and the light is green 
<3> Access via grade separated interchanges only 
<
4
~ate is number of accidents per mi11ion vehicles-miles 
<SlAccidents at ramps 
Source: Adapted from Reference (11) 
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Table 3 - Comparison of Crash Rates on Rural Highways 
4-Lane Divided Divided Controlled Access 
Percent Percent Percent 
Type 4-Lane of 4-Lane of4-Lane of 4-Lane 
of Undivided Undivided Undivided Divided 
Crash Rate ~ Rate &1' Rate Rate 
Total Reported 4.09 2.91 0.58 l.69 0.41 0.58 
Head-On Between 
Intersections 0.20 0.06 0.30 0.06 0.30 1.0 
Non-Head-On Between 
Intersections 0.99 0.77 0,78 0.59 0.59 0.77 
At Intersections 2.52 1.69 0.67 0.61 0.24 0.36 
Total Excluding 
Intersections 1.57 1.22 0.78 1.08 0.69 0.88 
Source: Calculated from Table 2 
Cribbins attempted to find optimal median opening spacings along a four-lane divided 
highway as ·a function of accidents, intensity of roadside development, and travel time. A 
precise spacing could not be derived. However, his research yielded the following two 
conclusions: 1) As traffic volumes increase, use of unlimited median openings rapidly becomes 
hazardous; and 2) Signalization of openings does not necessarily reduce hazards under high 
volwne conditions, but it makes the flow of traffic more orderly by distributing time for each 
movement. 
l November 1994 7 
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MEDIAN DESIGN 
Median Width 
There are three primary reasons for requiring a minimum median width: 1) separate 
opposing traffic streams; 2) provide auxiliary lane(s) to decelerate vehicles and store left-turning 
vehicles and u-tu.rners; and 3) provide pedestrian refuge. These factors reduce congestion and 
increase the capacity of the arterial by limiting conflicts between through traffic, cross traffic, 
and turning vehicles. Limiting these conflicts increases capacity and improves safety by 
minimizing the speed differential between through vehicles and turning vehicles. This enhances 
a constant speed along the arterial. 
As early as 1951 Telford (21.), investigated the advantages of narrow medians compared 
to undivided roadways. A 4-foot median separating two 33-foot roadways was installed on a 
major street through a central business district. Head-on collisions were reduced 65% after the 
median installation. Both the total number and the severity of crashes were reduced. The 
median also provided a pedestrian refuge area, as a result the pedestrian accident rate was 
reduced 70%. 
In 1964 Priest (2.ID, reported on the value of having a median of sufficient width to 
"shadow" .a left-_ turn or crossing vehicle on a major roadway. Crash frequency was found to 
have an inverse relationship to the median width and the magnitude of an exposure index. The 
exposure index is a measure based on arterial ADT, cross street ADT, and the exposure time 
of a crossing vehicle. 
Curbed Medians 
Wilson (2Q), evaluated 12 types of simple intersection improvements at 1,160 different 
locations in a 1967 Highway Research Board Special Report. He reported a significant crash 
reduction with curbed, nontraversable medians and intersection channelization. 
Box (21), analyzed the crash experience for a 2-year period at 1238 access points to 
streets in Skokie, Illinois. The data from the 1967 report summarized in Table 4 illustrate the 
value of nontraversable medians in reducing crashes occurring at driveways. 
An even earlier 1953 report by Hanna (22.), concluded that where medians in the urban 
area were not curbed, damage to grass, trees, and shrubs was frequent. Also, the control of 
parking was impractical, especially near church~s and shopping centers. The occurrence of 
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both angle and parallel parking in the median area caused confusion, congestion, and high 
crash rates. 
Curbed Medians -v- Painted Medians 
In one of the earliest studies (reported in 1968) showing the safety advantages of 
nontraversable medians over traversable medians in urban areas, Frick (n), compared the 
crash experience on two multilane streets in Springfield, Illinois. Inspection of Table 5 shows 
that the crash rate on the painted (traversable) median was2.63 times (11.43: 4.34) that of the 
curbed (nontraversable) median. Inspection of the data in Table 4 also shows that the street 
having the curbed median had lower crash rates at all locations (i.e., intersections, midblock 
other than driveways, and private driveways). 
Table 4- Two-Year Driveway Crash Experience as a Function of Median Control 
Routes with Barrier Median Curb 
(Study Length, 5.8 Miles) 
Number of Driveways 
Number of Crashes 
Crashes/Driveway/Year 
Routes with Nonbarrier Median Curb 
(Study Length, 33. 9 Miles) 
Number of Driveways 
Number of Crashes 
Crashes/Driveway/Year 
Ratio of Crash Rates 
Barrier/Nonbarrier Median Curb 
Source: Reference (21), 1967 
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Service 
Station 
25 
0 
150 
41 
0.17 
10 
Commercial 
& Industrial 
30 
5 
0.08 
422 
234 
0.28 
0.30 
Residential 
244 
6 
0.01 
325 
17 
0.03 
0.47 
13 
0 
29 
6 
0.07 
Table 5 - Comparison of Crash Experience Between Streets with Curbed Medians 
and Painted Medians 
Annual 
Number Number Crashes Crashes 
Crash of of per per 
Location Crashes Openin~ Qtxrnios Mile Crash Rate<1> 
Intersections 
Curbed Median <2> 64 21 1.5 17 3.23 
Painted Median <3) 105 14 3.8 35 5.74 
Midblock (Other than 
Driveways) 
Curbed Median <2> 19 8 1.2 5 0.96 
Painted Median <3> 54 12 2.3 18 2.95 
Private Drives 
Curbed Median <2' 3 56 0.03 0.8 0.15 
Painted Median <3) 50 188 0.13 17 2.73 
Totals 
Curbed Median <2> 86 85 0.5 23 4.34 
Painted Median <3) 209 214 0.5 70 11.43 
(!)Crash Rate - Crashes per million vehicle-miles 
<2>stevenson Drive - 14,300 ADT, 1.9 mile length, two-year period 
<3'MacArthur Boulevard - 16,700 ADT, 1.5 mile length, two-year period 
Source: Adapted from Reference (U), 1968 
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Frick suggested that where there is a choice as to cross section, the use of curbed 
medians and intersection channelization have the following advantages: 
Primary Advantages 
• Operational Safety 
• Increased Capacity 
Other Advanta~es 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Smoothes and enhances the highway traffic flow 
Decreases conflicts by providing a positive separation of opposing lanes of 
traffic 
Permits the regulation of traffic, through the prohibition of certain movements 
Controls the angles of conflict more adequately 
Provides a protection and storage area for heavy vehicle directional movements 
Gives better indication to motorists of the proper use of travel lanes and 
intersections 
Provides an opportunity to favor a predominate movement 
Provides a protected area for the location of traffic control devices 
Controls the speed of turning vehicles through the intersection area 
Serves as a protected refuge area for pedestrians 
Frick concluded that the installation ofcurbed medians and intersection channelization 
will pay dividends far exceeding the original cost, mainly by substantially reducing certain types 
of crashes and increasing the capacity. 
A study by the California Division of Highways, reported by Moskowitz(~), 1964, 
compared medians of different design. Crash data were analyz.ed for 12 roadway sections 
having curbed medians and 9 sections having painted medians. Left-turns were legal only at 
median openings for both median types (i.e., physical breaks in the curbed medians and breaks 
in the solid double yellow paint lines on the painted medians). All sections were within 
developed areas. Crashes occurring between intersections involving left-turning vehicles 
accounted for 2% of all crashes on sections with curbed medians and 5% of all crashes on 
sections with painted ·medians. It was concluded that the curbed medians had better crash 
experience in the cases studied. 
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In 1967 Wilson (2.Q), also found a significant reduction in crashes where channeliz.ed left-
turn lanes were added at unsignalized medial access points (intersections and high-volume 
driveways). Before-and-after studies were made at locations where the left-turn lanes were 
delineated using raised bars, curbs, and paint. As shown in Table 6 all three methods produced 
a significant reduction in crashes. Painted channelization produce a 32% reduction whereas 
cur bed and raised bars (rumble strip) resulted in 59% and 6 7% reduction in crash frequency and 
64% and 69% reductions in crash rates. 
Table 6 - Before-and-After Crashes by Left-Tum Channelization at Unsignalized 
Access Points 
Number Million Severitj! C2Ds!itjog 
Type of Vehicle- Total Property 
Cbagpclizati@ Prnio;:ts C2odjtjoo .Mila. ~ Damage ..lo.im... .&!ii. .1aL lfwlL 
Painted 27 before 134.5 157 84 71 2 98 51 
after 134.1 106• 64 so- 2 58• 48 
¾change -32 -24 -30 0 -41 -6 
Curbed 7 before 68.8 61 61 IS 2 38 23 
afier 77.7 2s• 2s• 3• 0 18* 7• 
¾change -SO -SO -SO -80 -53 -70 
Raised 6 before 64.4 9S S4 40 67 28 
after 69.6 31• 18• 12• l 1s• 13• 
¾change -67 -67 -70 0 -73 -54 
* Reduction in number of crashes is significant of 0.10 significance level using Chi Square Test 
Source: Adapted from Reference (2Q), James E. Wilson, "Simple Types of Intersection Improvements",~ 
Rewrt 93, Highway Research Board, 1967 
Landscaping significantly improves the visibility of medians and channelizing islands 
(~). This enhanced visibility is instrumental in reducing crashes involving medians hits. 
Landscaping also greatly improves the aesthetic qualities of the roadway. 
The median nose at left-turn bays should be at least 6 feet (1.8 metres) face-to-face of 
curbs so as to provide space for landscaping. (It is to be noted that this width is also the 
minimum where pedestrians may be present.) Four feet (1.2 metres) is the absolute minimum 
width, face-to-face of curbs, for landscaping treatment. Special care needs to be exercised in 
the selection oflandscaping materials so that sight distances will not be obstructed and so that 
maintenance can be essentially avoided. 
29 November 1994 13 
Triangular channelizing islands should be at least 75 square feet (7 square metres) in 
area where landscaping is used. Where smaller channelizing islands are used they should be 
delineated by paint, have a flush or slightly raised contrasting surface, or by paint and 
reflectorized traffic buttons. 
Depressed Medians -v- Raised Medians 
In rural areas, depressed medians are usually preferred over raised medians because they 
provide better drainage. 
Garner and Deen(~, 1973, compared the crash histories of depressed and raised 
medians. They indicated that medians should be a roioim11n1 of 30 to 40 feet wide for high-
speed facilities. Flat slopes, 6: 1 or flatter, should be provided as 4: 1 slopes are inadequate for 
medians less than 60 feet wide. They stated that raised medians provided unsuitable vehicle 
recovery areas on rural highways and were undesirable from the standpoint of roadway surface 
drainage. 
CLTL-v- Raised Medians 
Analysis by Glennon et al. (2n), 1975, found that the continuous two-way left-turn lane 
(CL TL) is inferior to the raised median where frequent driveways are found in combination 
with high arterial street volumes. They found· the raised median to be a more effective 
technique under higher traffic volumes (see Table 7). 
Data collected by Walton et. al. (30), 1978, clearly show that crashes on sections 
of urban streets having continuous two-way left-tum lanes increase as the following 
increase: the number of access points per mile, the population of the urban area, and 
the average daily traffic (see Table 8). The regression equation developed is: 
Crashes per mile= -43.5 + 0.00203(ADT) + 0.000175(City Population)+ 0.491(Number of 
Driveways per Mile)+ 0.920(Number of Signals per Mile) 
R2 = 0.75 
Standard Error= 33 crashes per mile 
Inspection of Table 8 indicates that an increase in average daily traffic (ADT) from less 
than 15,000 vehicles per day (average 10,500) to over 20,000 (average 24,500) results in an 
increase of approximately 30 crashes per mile for all city sizes and numbers of signalized 
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intersections. Also, for a given population and ADT, increasing the number of driveways from 
less than 40 to over 60 results in an increase of about 30 crashes per mile. Although the 
grouping of the reported data mask the variation in individual routes, the data clearly show 
crash experience increases as ADT and the number of access points increases. 
Table 7 - Effectiveness of Raised and CLTL's as a Function of ADT and 
Driveways Per Mile 
Conditions 
Level of Roadside 
Development 
Low 
<30 driveways 
per Mile 
High 
>60 driveways 
Per Mile 
Source: Reference (Zfil 
Highway 
.ADT 
Low 
<5,000 
High 
> 15,000 
Estimated Annual 
Reduction in Crashes Per Mile 
Raised 
Median 
Divider 
2.2 
31.2 
Continuous 
Two-Way 
Left-Turn 
Lane 
4.4 
28.6 
This research also obtained data on 11 sections of roadways with medians and 
channelized left-tum lanes in Texas. In view of the small number of observations, the 
researchers did not develop a regression equation for the type of design. However, the equation 
for the continuous two-way left-turn .lane was used to estimate the number of crashes that 
might be expected if a CL TL were used instead of a raised median. The regression equation 
estimated that the number of crashes per mile with a CLTL would be substantially larger than 
the number of crashes actually occurring with the raised, nontraversable median (see Table 9). 
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0 
< 
0 
3 
g-., 
~ 
'.0 
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•::I\ 
Four-Lane 
Urban Street. 
Average Section 
Length = 0.-44 Miles 
Over60 
dpm 
Ovc:rJ (87.7) 
40-60 
spm 
dpm 
(4.63) 
(50) 
Under40 
dpm 
(22.7) 
Ovcr60 
1-3 dpm 
40-(,() 
apm 
dpm 
(2.0) Under40 
dpm 
Over60 
dpm 
0 
40-60 
3pm dpm 
Under40 
dpm 
Source: Reference UID, I ':J ta 
Table 8 - Estimated Crashes Per Mile on Continuous Two-Way Left-Tum Lane Roadways 
Under 15,000 ADT 
so.ooo 
pop. 
72.J 
53.9 
40.4 
48.I 
29.7 
16.2 
29.7 
11.3 
0.0 
AD'J -; ~ 
= 
(10,500) 
250,000 400,000 
pop. pop. 
107.J 133.5 
88.9 115.1 
75.4 101.6 
: 
83.1 109.3 
64.7 90.9 
51.2 77.4 
64.7 90.9 
46.3 72.5 
32.8 59.0 
weer.:oay average daily tralt1c 
signals/mile 
driveways/mile 
15,000- 20,000 ADT 
(17,500) 
50,000 250,000 400,000 
pop. pop. pop. 
86.4 121.4 147.6 
68.0 103.0 129.2 
54.5 89.5 115.7 
62.2 97.2 123.4 
43.8 78.8 105.0 
30.8 65.3 91.5 
43.8 78.8 l05.0 
25.4 60.4 86.6 
I 1.9 46.9 73.1 
spm 
dpm 
( ) = avcra1,-c valuc.,j us.:J for lablc dcvdopmcnl 
Over 20,000 ADT 
(24,500) 
50,000 250,000. 400,000 
pop,. pop. pop. 
100.6 135.6 161.8 
82.2 ll7.2 143.4 
68.7 103.7 129.9 
: 
76.4 111.4 137.6 
58.0 93.0 119.2 
44.5 79.5 105.7 
58.0 93.0 I 19.2 
39.6 74.6 100.8 
26.1 61.1 87.3 
Table 9 - Estimated Crashes with Continuous Two-Way Left-Turn Lanes 
Compared to Actual Crashes with Channemed Left-Turn Bays 
Number Estimated Error 
of CLTL Actual (Estimated 
Through Signals Driveways Crashes Crashes CLTL 
Lanes ..AllI.. Po1;,ulation Per Mj)e Per Mile Per Mile Per Mile -Actual) 
6 29562 407,000 4.17 39.6 145.5 166.7 -21.2 
6 31134 " 4.65 39.5 153.2 127.9 +25.3 
6 32706 " 3.13 84.4 164.3 253.1 +88.7 
4 15483 " 0.0 16. l 67.l 41.9 +25.2 
4 13921 " 0.0 31.3 71.4 12 .. 5 +58.9 
4 13591 n 0.0 0.0 55.4 9.4 +46.0 
4 14477 " 0.0 81.8 97.3 65.9 +31.4 
4 14477 " 0.0 100.0 106.3 76.3 +30.0 
4 14477 " 2.1 62.5 107.0 64.9 +42.4 
4 8323 · 283,700 0.0 17.0 31.4 36.2 -4.8 
6 13660 " 3.2 35.5 81.0 29.0 +52.0 
4 17197 407,000 0.0 23.3 74.1 46.4 +27.6 
2 13223 283,700 2.0 56.0 78.9 66.0 +12.9 
2 11367 " 2.9 5.9 59.2 35.3 +23.9 
Source: Reference QQ), 1978 
Recent (1989) research sponsored by the Georgia DOT concluded that on high-
volume roadways, nontraversable medians have a lower crash experience than 
roadways with continuous two-way left-tum lanes (11). As shown in Figure 1, this is 
true for both 4-lane and 6-lane facilities. The average crash rate for 4-lane divided 
roadways was about 15% lower than those having 4 traffic lanes plus a CLTL. The 
crash rate on 6-lane divided roadways was about 25% less than comparable facilities 
with a CLTL. 
Studies in Florida(%), 1993 and Michigan (li), 1988 also found that roadways 
with nontraversable medians have a much better safety experience than those with 
C~ TL's. Again, this is true for both roadways with 4 through lanes as well as 6 
through traffic lanes. The Florida data, Figure 2, show that the 4-lane sections with 
traversable medians have an average crash rate which is 25% lower than those with a 
CLTL. For 6-lane roadways, the crash rate is about 12°/4 less. 
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The Michigan data, Table I 0, shows that roadways with non traversable medians have 
substantially lower average total crash rates as well as injury and fatal crash rates. The lower 
average crash rates on facilities with 4 through traffic lanes may be partially explained by the 
lower average traffic volumes on the 4-lane divided facilities. However, it is to be noted that 
the 6-lane roadways have a total average crash rate which is only 51% of that for the 7-lane 
facilities (6 through lanes plus a CL TL). 
The small number of fatal crashes probably accounts for the fact that the ratio of fatal 
crash rates is 0.69 for 4-lane and 0.25 for 6-lane roadways. 
In 1992, Gwinette County, (Atlanta Metropolitan Area), Georgia, adopted a policy that 
all new and reconstructed principal and major thoroughfares should be designed with raised 
medians. Also, raised medians should be considered as retrofit treatment on all arterials having 
a CL TL if the traffic volume reaches or exceeds 24,000 to 28,000 vehicles per day (12). 
10.82 
Slane 
Source: Adapted from Reference (ll), 1989, by Florida DOT, Reference (Ji) 
Figure I - Comparison of Crash Rates on Georgia Roadways with Raised Medians 
and Two-way Left-Tum Lanes 
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Source: Adapted from Reference (~), 1993, Florida DOT, Reference (32) 
Figure 2 - Crash Rates for Raised Medians and Two-Way Left-Tum Lanes in 
Florida 
Table 1 O_ - Michigan Statewide Crash Rates for Selected Types of Arterials, 1985-1987 
Arterial 
Type 
5-lane<0 
4-lane 
divided 
ratio, 4-lane 
divided/5-Iane 
7-lane(I> 
6-lane 
divided 
Average 
ADT 
22,000 
17,000 
35,000 
50,000 
ratio, 6-lane divided/7-lane 
Length 
Miles 
223 
286 
29 
44 
(IThe odd lane is a continuous 2-way left-tum lane 
Source: Reference ~. 1988 
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Reported Crashes per 100 Million 
Vehicle-Mil~ 
Total InjuQ'. Fatal 
956 
407 
0.42 
1107 
563 
0.51 
276 
118 
0.43 
357 
166 
0.46 
2.55 
1.77 
0.69 
3.75 
0.94 
0.25 
Comparison of the crash rates of suburban streets shows that raised medians have a 
lower mid block crash rate than CL TL's. It is also important to note that the intersection crash 
rate is also lower for raised medians (see Table 11 ). 
Table 11 - Midblock<1> and Intersection(2) Vehicular Crash Rates by Median Type 
Location 
Midblock 
Intersection 
<1JCrashes per one-hundred million vehicle-miles 
Raised 
189.23 
87.43 
<
2lCrashes per one-hundred million vehicle entering intersection 
(3)Continuous two-way left-tum lane 
Source: Adapted from Reference a2), 1994 
Median Type 
311.37 
136.36 
As Table 12 indicates, the crash rates by severity for raised medians are less than those 
for CLTL's. However, the percentage of crashes by severity are very similar. Also, as shown 
in Table i 3, raised medians experience lower crash rates for all types of crashes. 
Table 12 - Summary of Suburban Vehicle Crash Rate<l) Severity by Median Type 
Severity Variable Raised 
PDO frequency 2649 
crash rate 131.12 
% of crashes 69.3 
Injury frequency 1169 
crash rate 57.86 
% of crashes 30.6 
Fatal frequency s 
crash rate 0.25 
% of crashes 0.1 
(l)Midblock segment crash rate in crashes per 100-million vehicle-miles 
Source: Adapted from Reference (2.2.), 1994 
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CLTL 
4855 
221.43 
71.l 
1962 
89.48 
28.7 
10 
0.46 
0.2 
Table 13 - Summary of Suburban Midblock Vehicular Crash Rates(!> 
by Crash Type 
Crash Type Raised CLTL 
Rear-end 80.98 139.61 
Right Angle 35.05 63.26 
Head-On 1.34 2.55 
Left Turn 24.35 52.50 
Other 47.52 53.45 
0>crash rate in crashes per 100-millon vehicle-miles 
Source: Adapted from Reference (Z2), 1994 
The Georgia, Florida and Michigan data clearly demonstrate that 4-lane and 6-lane 
divided roadways with nontra versable medians have a much better safety record (lower average 
crash rates) than 5-lane and 7-lane roadways where the odd lane is a CLTL. More recent 
research comparing roadways with raised medians with CLTL's with undivided roadways 
summariz.ed in the next section substantiates these findings. 
Raised -v- CL TL -v- Undivided 
An extremely well designed and executed study by Bowman and Vecellio (22), 1994, 
compared the crash experience on urban arterials in Atlanta, Georgia; Phoenix, Arizona; and 
Los Angeles/Pasadena, California. Fifteen homogeneous sections each of raised median, 
continuous two-way left-turn lane (CLTL) and undivided roadways were studied. Most of the 
mileage (84. 7%) was located in suburban areas. The remainder (15.3%) were located in central 
business districts (CBD's). The number of miles by location, median type, and number of 
through traffic lanes is summarized in Table 14. The mean pedestrian accident rate for CBD' s 
was statistically significantly (95% confidence level) larger than for suburban areas for all three 
median types. However, the vehicular crash rates were not significantly different. 
Bowman and Vecellio concluded that, in suburban areas, raised medians are safer than 
CL TL's or undivided roadways (see Table 15). 
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Table 14 - Summary by Number of Traffic Lanes 
Kilometre (Miles) by Number of Through Lan=i and Median Type 
Raised CLII. :Undivided 
Through 
Lanes 4 s<I) 6 4 5 6 2 3(0 4 5(1) 
CBD 0.5 47,8 9.2 1.9 1.4 0,0 9.8 
(0.3) (29.7) (5.7) (0.9) (0.9) (0.6) (6.1) 
Suburban 20.9 5.0 9.3 43.3 18.7 14.2 4.7 35.5 35.5 7.2 
(13.0) (3.1) (5.8) (26.9) (11.6) (8.8) (2.9) (22.1) (22.1) (4.5) 
0>unbalance number of lanes to facilitate peak hour traffic now 
Source: Reference (.22.), 1994 
Table 15 - Comparison of Vehicular Crash Rates 
Comparison 
CBD Arterials 
Raised -v- CL TL (I) 
Raised -v- Undivided 
CL TL -v- Undivided 
Suburban Arterials 
Raised -v- CLTL 
Raised -v- Undivided 
CLTL -v- Undivided 
0>continuous two-way left-turn lane 
Mean 
Crash Rates 
623.06 -v- 513.79 
623.06 -v- 905.21 
513.79 -v- 905.21 
373.00 -v- 676.29 
373.29 -v- 409.22 
676.29 -v- 409.22 
<
2
>95% confidence level, SchetTe multiple comparison test 
Source: Adapted from Reference (22), 1994 
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Crash Rates 
Significantly Differen t<2> 
no 
no 
yes 
yes 
yes 
no 
6 
2.7 
( 1. 7) 
1.6 
(1.0) 
i nese reswLS m<11cate that in CBD areas, raised medians and CLTL ·s do not have 
significantly different vehicular era.sh rates. However, in suburban areas the raised median is 
significantly safer than either the CLTL or an undivided roadway. 
Table 16 presents data from a F1orida study (%.} which compared era.sh rates by 
severity. The fatal era.sh rates are not meaningful because the number of fatal crashes for most 
median types was very small. Inspection of Table 16 reveals the following: 
• Undivided roadways have substantially higher crash rates (both total era.shes 
and midblock crashes) than roadways with CLTL's 
• The average total and midblock era.sh rates are about the same for CL TL's and 
flush paved medians 
• Flush grass medians have the lowest crash rates 
• The crash rates for restrictive medians are about one-third lower than for non-
restrictive medians 
These findings are compatible with previous research. As shown in Table 17 era.sh 
severity was reduced where left-tum lanes were added to existing facilities. The percent 
reduction in era.sh rates is much larger at unsignalized median openings than at signalized 
intersections. 
Table 16- Crash Rates per Million Vehicle-Miles of Travel on 4-Lane Urban Arterials 
Mediaail~ 
Accident Flush Non-<0 Flush 
Severity Undivided Q.IL ~ Restrictive ~&ai&i Restrictive(") 
All Crashes 
Total 4.44 3.20 3.25 3.21 1.80 2.46 2.09 
Fatal 0.03 0.02 0.03 0.02 0.02 0.02 0.02 
Injury 2.36 1.73 1.79 1.74 1.01 1.35 1.16 
PD0<3> 2.05 1.45 1.44 1.45 0.77 1.09 0.91 
~::faibl~k Crashes 
Total 2.43 1.66 1.71 1.67 0.97 1.26 1.09 
Fatal 0.02 0.02 0.02 0.02 0.01 0.01 0.01 
Injury 1.28 0.90 0.95 0.90 0.54 0.69 0.60 
PDO(J) 1.13 0.75 0.75 0.75 0.42 0.56 0.47 
Cl>cL TL plus flush paved 
<2>Flush grass plus raised 
0 >property damage only 
Source: Adapted from Reference (46), 1993 
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Table 17 - Crash Rates((> After Construction of Left-Tum Bays 
Before 
Severity Ra.ts: 
Property Damage 0.62 
Injury 0.37 
Fatal 0.00 
<
1>crash rates are per million vehicle-miles 
Source: Adapted from Reference (W, 1982 
Si1Wa.li2:e<l 
After Recent 
~ Chan~ 
0.48 -23 
0.34 -8 
O.ot 
Un:ii1malized 
Before After Recent 
~ Rm Chani,e 
0.67 0.37 -45 
0.47 0.20 -57 
0.02 0.01 -50 
Research on midblock crash rates on 4-lane urban arterials found that a CL TL roadway 
experience a lower mid block crash rates for all crash types than undivided roadways ( see Tab le 
18). 
A study by Long, Gan and Morrison (.46.) found that the total crash rates per million 
vehicle-miles was lower for flush grass medians than for raised medians on 4-, 6-, and 8-lane 
urban freeways in Florida. Injury and property damage only crash rates were much lower on 
flush grass median sections whereas fatal accident crash rates were essentially the same. 
Midblock crashes were also lower with the flush grass median design. 
Research using Florida data(~) found that midblock head-on crashes on 4-lane urban 
arterials having a CL TL are much lower (0.020) than an undivided 4-lane roadways (0.037). 
However, the head-on crash rates for CLTL's are higher than for urban arterials with flush 
paved medians and are much higher than for urban roadways having restrictive medians (see 
Table 18). 
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Table 18 - Midblock Crash Rates<1> on Urban Arterials In Florida 
by Median Type and Crash Type 
Median I:x:~ 
Type Number 
of of Flush Flush 
.cwh ~ Undivided crLI~ ~ ~ 
Head-on 4 0.037 0.020 0.012 0.008 0.009 
6 NA<7l 0.017 0.009 0.008 0.009 
Sideswipe 4 0.174 0.092 0.087 0.054 0.071 
6 NA 0.161 0.110 0.104 0.118 
Left-Tum 4 0.491 0.358 0.371 0.164 0.220 
6 NA 0.578 0.355 0.290 0.353 
Rear-End 4 0.672 0.513 0.603 0.336 0.458 
6 NA 0.686 0.620 0.660 0.713 
Angle 4 0.378 0.317 0.228 0.218 0.223 
6 NA 
Right-Turn 4 0.089 0.122 0.100 0.080 0.090 
6 NA 
Run-OfT-Road 4 0.021 0 
6 NA 0.012 0.004 0.031 0.018 
0>per million vehicle-miles 
<
2
>niere are no 6-lane undivided roadways 
Source: Adapted from Reference ~. 1993 
Michigan>s Experience With U-Turns 
Michigan began using directional mediancrossovers(u-turns) to eliminate left-tum and 
crossing maneuvers at signalized intersections in the early 1960's (n). This design (see Figure 
3) is used on various Michigan highways, especially in the Detroit metropolitan area. These 
u-tu.rns were originally constructed approximately 300 feet (91. 4 metres) from the intersection. 
However, in some cases, backup from the signal blocked u-turning vehicles. This was resolved 
by locating the directional U-turn 600 feet (183 metres) from the signalized intersection. 
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Signing (see Figure 4) was used to reduce motorist confusion. Capacity increases of 20% to 
50% were reported even though "left-turning" traffic must pass through the signal twice. 
Additional research on the safety and operational characteristics of the "Michigan U-
Turn" is currently underway at Michigan State University. 
Source: Reference (3.1) 
Figure 3 - Schematic Illustration of the Michigan Directional Crossover 
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_J 
.I. 
Source: Reference (31) 
Figure 4 ~ Signing for the Michigan Directional Crossover 
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RETROFITS TO EXISTING MEDIANS 
Continuous two-way left-tum lanes(CLTL'S) on two major urban arterials (Memorial 
Highway and Jimmy Carter Blvd.) in the Atlanta, Georgia, metropolitan area were replaced 
with nontraversable medians. 
Memorial Highway, Atlanta Metro Area 
A CL TL on a 4.34 mile section of Memorial Drive in Atlanta, Georgia, was replaced 
with a raised median. The general features are listed in Table 19. Six through traffic lanes were 
provided before and after the median retrofit. Construction was completed between the end 
of July 1989 and the end of September 1990. 
Table 19 - Memorial Drive Features 
• 4.34 mile section 
~ 
• TWL T lane Replaced By Raised Median 
A&r 
• No Median Break at 7 Public Roads 
• 14 Signalized Intersections with Public Roads and Major Driveways 
Source: Reference (12) 
No median opening was provided at 7 minor street intersections when the raised median 
was installed. Fourteen signalized median openings were provided with public roads and major 
privateacces.sd.rives. All except one providedforu-turns. The median design involved a6-inch 
mountable curb and a 2-foot gutter; thus the face of the curb is 2 feet from the edge of the 
traffic lane. 
A before-and-after study was performed to assess the impact on safety. Table 20 
summarizes the changes in crash rates. The total crash rate was reduced by 37%; the injury 
crash rate dropped 48%. The fact that crash rates decreased at those intersections which 
remained open demonstrates that improved design and traffic control can result in lower rates 
in spite of the increased turning traffic at these openings. Total injury crashes decreased by 
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40%. The total left-tum crash rate decreased by 50% (from 0.40 crashes per I 00-rnillion 
vehicles to 0.20). Th.is demonstrates that improved design and traffic operation can reduce 
crash expectancy even though a raised median will result in increased u-turn volumes. The 
lower crash rate probably results from a separation of conflict areas (longer spacing between 
median openings) and simplified driver information work load. 
Table - 20 Summary of Percent Change in Crash-Rates on Memorial Drive 
Midblock 
Intersections 
Total 
Source: Reference (l2), 1993 
Total 
Crash 
Rate · 
-55 
-24 
-37 
Total 
Crashes 
Injury 
~ 
-59 
-40 
-48 
Total 
Crash 
Rate 
-90 
-50 
-64 
"Left-Tum" 
Crashes Only 
Injury 
Rate 
-92 
-48 
-65 
Other "les.wns learned" from the Memorial Drive project include the following: 
1. It is essential to have an effective public participation program and develop 
support for replacement of a CL TL with a non traversable median. 
2. Sidewalks should be included in the reconstruction of a major urban arterial. 
3. Substantial effort should be made to develop interconnections between 
properties. This will reduce the inconvenience to clientele patronizing roadside 
businesses. 
Jimmy Carter Blvd~ Atlanta Metro Area 
Jimmy Carter Blvd. is located in Gwinnett County in the greater Atlanta, Georgia, 
metropolitan area. A section of approximately 3.5 miles in length was reconstructed from 5 
lanes (4 through lanes plus a CLTL) to 6 lanes with a raised median (see Table 21). Traffic 
volumes prior to the reconstruction ranged from 11,000 to 14,600vpd in 1987 and up to 12,000 
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vpd after the reconstruction in 1991. A "Jersey Barrier" was used temporarily (27 April 1987 
through 21 August 1988). 
Comparison of the crash frequencies and crash rates indicates that the "Jersey Barrier" 
was more effective than the permanent 10-inch raised barrier (see Tables 22 & 23). 
Table 21 - Jimmy Carter Blvd Features 
• 3.5 ± Mile section 
• Before: 5-lane 
• After: 6-lanc with 10-inch High Raised Median 
Source: Reference (.12), 1993 
Table 22 - Number of Crashes on Jimmy Carter Blvd. 
North Sectioc SoJJth ~tion 
Condition Total Injm:y 
Before<l) 198 69 
Jersey Barrier 155 34 
10" Raised Median 213 79 
<t) 5-lane section; 4 through lanes plus a continuous two-way left-turn lane 
Source: Reference (12), 1993 
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Total Ini!Jry 
193 37 
109 23 
37 50 
Table 23 - Percent Change in Crash Experience on Jim.my Carter Blvd. 
Condition 
Total Crashes: 
• w/Jersey Barrier 
• After l 0" Raised 
Median 
Injury Crashes: 
• w/Jersey Barrier 
• After 10" Raised 
Median 
0 ~orth of I-85 
(7)South of I-85 
Source: Reference (12), 1993 
Overall 
-32% 
-2% 
Crash FreQuency 
North<1> South<2> 
Section 
-44% 
+8% -11% 
-51% -23% 
+16% +16% 
Crash Rate 
North South 
Section Section 
-27°/o -47% 
-9% -35% 
-54% 27% 
-1% +22% 
Note, bold number indicates change is statistically significant at the 95¾ confidence level. 
Inspection of Table 23 shows that installation of the Jersey median resulted in a 
substantial reduction in the number of crashes and the crash rates. The total number of crashes 
decreased by 32% and the crash rates decreased by 27% on the north section and by 47% on the 
south section when the CL TL was replaced with the Jersey Barrier. The reduction in the 
number of crashes and crash rates were statistically significant. However, the total number of 
crashes was only 2% less with the raised 10 mph median than with the CL TL. Total crashes 
on the north section increased by 8% although the increase was not statistically significant. In 
contrast to the reduction in injury accidents with the Jersey Barrier, the 10-inch raised median 
resulted in an increase, although not statistically significant, in injury crashes and injury crash 
rate in comparison to the CL TL. This may be due to the following: 1) The Jersey Barrier is 
large and hence quite visible to drivers and is designed to redirect the errant vehicle, and 2) the 
10-inch raised median does not have high visibility either by its physical bulk ( the Jersey Barrier 
has) or by landscaping (the raised median is paved), hence it is not highly visible - especially at 
night. However, the 10-inch height results in a high likelihood that the driver may lose control 
of the vehicle when the median is struck. 
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SAFETY BENEFITS OF IMPROVEMENTS TO EXISTING MEDIANS 
As shown by the data in Table 24, left-turn bays resulted in lower crash rates of both 
signalized and unsignalized access points. It is to be noted that total crashes as well as left-turn 
crash rates are lower when a left-turn bay is provided. The benefit of having left-turn bays at 
unsignalized access locations is particularly evident. 
Table 24 - Effect of Left-Tum Bays on Crash Rates 
Crash Rates 
Unsignaljzed Siwalized 
No With No With 
Left Left Left Left 
Type of Tum Tum Tum Tum 
..cram. ~ ~ ~ ~ 
Left Turns 1.20 0.12 0.65 0.37 
All Other 3.15 0.92 1.82 1.17 
TOTAL 4.35 1.04 2.47 1.54 
Source: Reference (W, 1982 
Bold numbers denote a statistically significant difference 
Table 25 shows that the addition of turn bays to existing facilities is effective in reducing 
crash rates for both day and night conditions. Again, left-tum bays at unsignalized medial 
access location are particularly beneficial. 
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Table 25 - Crash Rates<1> Before and After Construction 
of Left-Turn Bays 
SiiilaJized 
Light Rate Rate 
Conditions lkfun. Afw: 
Da.y 0.94 0.73 
Night 1.12 1.00 
TOTAL 1.00 0.82 
(!)Crash rates are per million entering vehicles 
Source: Adapted from Reference (.W, 1982 
Percent 
Cha.a~ 
-22 
-11 
-18 
Oakland Park Blvd., Fort Lauderdale, Florida 
Unsjgnaljzed 
Rate Rate Percent 
~ ~ Chan~ 
1.12 0.50 -55 
1.24 0.73 -41 
1.16 0.58 -50 
The median of a 2.437 mile section of Oakland Park Blvd., a major arterial in Fort 
Lauderdale, Florida, was reconstructed in the mid-1980's. The characteristics of the section 
are given in Table 26. Traffic volumewa5about47,000vpd; the posted speed was45mph. The 
adjacent development was strip commercial. 
The reconstructed section had 4 signalized intersections. The 16-foot median had 33 
unsignalized median openings. The nature of the original median design is illustrated in Figure 
SA. The reconstruction reduced the numberofunsignalized median openings to a total of 16. 
Left-turn egress only is permitted at only one of these 16 median openings. The other 15 
median openings were designed to accommodate left-tum egress and u-turns. The retrofit 
. median design is illustrated in Figure SB. The resulting spacing of the median openings range 
between 400 and 600 feet. 
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Table 26 - Oakland Park Blvd. Features 
Source: Reference (W, 1989 
~ 
2.437 mile section 
ADT 
46,200 in 1980 
46,800 in 1988 
45 mph posted speed 
• 6-lane divided 
34,670 daytime vpd 
• 4 signalized intersections 
33 unsignalized median openings, all movements permitted 
• no street lighting 
Afurr 
6-lane divided 
• 36,580 daytime vpd 
4 signalized intersections 
• 15 unsignalized median openings, left ingress and u-tum only 
• 1 unsignalized median opening, left egress 
street lighting 
The number of u-turns more than doubled after the reconstruction; left-turns from 
Oakland Park Blvd. to intersecting streets and access drives decreased by over 35%. The total 
number ofleft-tu.rns and u-turns remained essentially unchanged. The same left-turn egress 
movements were converted to right-turns followed by a u-tu.rn. Some may have been diverted 
to other routes. Modification of Oakland Park Blvd. included the addition of lighting as well 
as modification of the median. The comparison of before and after crash rates are for daytime 
accidents since the additional street lighting can be expected to reduce accidents even if no 
change in the median were made. 
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Figure SA - Original Median Design 
. Figure SB - Redesigned Median 
Source: References (.ll, ~) 
~~ 
------
tr 
Figure 5 - Median Design on Oak.land Park Blvd., Fort Lauderdale., Florida 
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Inspection of Table 27 shows that crashes and crash rates were reduced by 
reconstruction of the median on Oakland Park Blvd. The reduction in injury crashes were 
insignificant However, the reduction in total crashes and property damage only (PDO) crashes 
declined by 22% and 37% respectively. More significantly, the total crash rate declined by 26% 
and the PDO crash rate was reduced by 41 %. Moreover, the reduction for both total crashes 
and PDQ crashes is significant at the 95% confidence level. 
Rear-end, angle, left-turn and sideswipe crashes and crash rates all declined. However, 
the decrease was statistically significant, at the 95% confidence level, for rear-end and angle 
crashes only. The decline in rear-end crashes may be explainable by the decrease in the number 
of locations where conflicts occur between left-turning vehicles and through traffic and 
improved turn bay geometrics. The decrease in angle crashes may be due to both the fewer 
number of median openings and the reduced number of conflict points at those median 
openings which remain. (A full median opening has 16 major and 16 minor conflict points, 
whereas a left-tum/u-turn opening has only one major and 6 minor conflict points.) 
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Table 27 - Oakland Park Blvd. Crash Data<0 
Average Number of 
Crasb~ fs:i:: Yw Crash Bats::i (2) 
Percent Percent 
Type Before After Change Before After Change 
Total 238 185 -22.3 
Injury 82 85 -3.7 
Property 
Damage 156 97 -37.8 
Rear-end 98 80 -18.4 
Angle 34 22 -35.3 
Left-Turn 42 37 -11.9 
Sid!!Swipe 26 20 -23.1 
<1lBefore period 1/84 - 4/85; after period 8/86 - 6/88 
~ afu.r 
study period, years 1.3 1.9 
average daytime ADT 34,670 36,580 
exposure, million vehicle-miles 40.09 61.83 
<
2
lCrashes per million vehicle-miles 
7.73 
2.67 
5.07 
3.19 
1.09 
1.37 
0.84 
(3JCrash Reduction Factor = (gashes pi::s;vented) <AJ?I before) 
(no. crashes after) (ADT after) 
crashes prevented= NI! - NA 
NI!= (crash rate before) (exposure after) 
NA = number of crashes after 
*Significant at the 95% confidence level 
Source: Adapted from Reference (.8.1), 1989 
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5.69 -26.4 
2.62 -0.0 
2.97 -41.4 
2.46 -228 
0.68 -37.6 
1.13 -17.5 
0.63 -13. l 
Crash 
Reduction 
Factor %<3l 
24.9* 
1.8 
39.o• 
21.7* 
35.7* 
16.4 
23.6 
US 1, Stuart, Florida 
The median on a 2.627 mile section of US 1 in Stuart, Florida. was reconstructed (see 
Figure 5) in the period between September 1983 and May 1985. The ADTwas about 41,000. 
The before and after crash rates are given in Table 28. Data were not available by rear-end, 
angle, and other types of crashes. 
The total crash rate declined by 25%. Property damage only accidents also declined by 
nearly 25%. These decreases in crash rates are very similar to that experienced on Oakland 
Park Blvd. The 28% reduction in the injury crash rate is much different than the experience on 
Oakland Park Blvd. 
The analysis indicates that the crash reductions were significant for all three categories 
of crashes. 
Table 28 - US 1 Crash Data(I) 
Average Number of 
Crashes Per Year Crash Ra.tes ai 
Percent 
Type Before After Change 
Total 201 170 -15.4 
Injury 94 77 -18.1 
Property 
Damage 107 97 -14.0 
0 >Before period 9/80 -. 8/83; after period 6/85 - 5/88 
~ ~ 
study period, years 3.0 3.0 
average ADT 28,630 32,510 
exposure, million vehicle-miles 82.36 93.52 
mCrashes per million vehicle-miles 
Before 
7.32 
3.42 
3.91 
C3>crash Reduction Factor= <crashes prevented) <ADI before) 
(no. crashes after) (ADT after) 
crashes prevented= NB - NA 
NB= (crash rate before) (exposure after) 
NA = number of crashes after 
*Significant at the 95% confidence level 
Source: Adapted from Reference (ill, 1989 
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Percent 
After Change 
5.46 -25.4 
2.46 -28.1 
2.94 -24.8 
Crash 
Reduction 
Factor%< 3> 
22.3* 
24.7* 
21.8* 
Comparison of Oakland Park and US 1 with Sunrise Blvd. 
Sunrise Blvd. in Fort Lauderdale, Florida has a median similar to the original medians 
on Oakland Park Blvd. and US 1 before they were reconstructed. As shown in Figure 6, crash 
rates on Oakland Park Blvd. and US I declined following the change in the median. However, 
for the same before and after ti.me periods as for Oakland Park Blvd., the accident rate on the 
control section (Sunrise Blvd.) remained unchanged. The total crash rate on Sunrise increased 
substantially for the same time frame used for the before and after periods used in the analysis 
of US 1. Moreover, the changes were reported to be ~ignificant at the 95% confidence level 
(fil.). 
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Source: Adapted from Reference (Bl) 
Sunrise Blvd. 
Figure 6 - Comparison of Total Crash Rates on Oakland Park Blvd., 
US I and Sunrise Blvd. 
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Kellogg Avenue, Wichita, Kansas 
An undivided segment (length not reported) ofEast Kellogg Avenue in Wichita, Kansas 
was retrofitted with a nontraversable median (construction was completed in August 1968). 
The original design had 4 signalized intersections and one unsignalized median break. Four 
unsignalized directional breaks at which left-turns only were permitted from Kellogg were 
subsequently added. Traffic volumes along Kellogg varied from an ADT of21,500 to 26,400. 
Totalcrashes decreased significantly after installation of the median. However, crashes 
at intersections increased (the increase was not statistically significant). Crashes on the 
residential streets in the vicinity of Kellogg did not increase. 
Vancouver, British Columbia 
Arterial streets in Vancouver, British Columbia are spaced at approximately one 
kilometre intervals (3.6,). The initial street system was constructed without left-turn bays. The 
city's engineering department developed a benefit/cost measure to evaluate and rank various 
turn bay projects. Each year the city spends about $2.5 million to construct 6 to 10 left-tum 
bays. These improvements have resulted in a 200/o increase in through capacity and a 25% to 
50% reduction in accident rates. 
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OPERATIONAL BENEFITS OF MEDIAN IMPROVEMENTS 
Unfortunately, before and after data relative to traffic operations are not available 
regarding the effect of changes in median type, spacing of median openings or the design of 
median openings. However, data are available from two studies conducted for FOOT. One 
is a computer simulation. The other is a comparison of two arterials having similar 
characteristics, where the median of one was modified while the other was not. The 
comparison of traffic operational characteristics on Sunrise Blvd. ( which was not modified) and 
Oakland Park Blvd. (which was modified), both in the Fort Lauderdale area, provides some 
insight on the benefits of increased median opening spacing and design (ll ~). (The design 
of Sunrise Blvd. and the original design of Oakland Park Blvd. are shown in Figure SA; the 
redesigned Oakland Park median is shown in Figure SB.) The value of and percent change in 
various operational measures are given in Table 30. 
Simulation using TRAF-NETSIM indicated that average speed is expected to increase 
when a median of the design shown in Figure SA is replaced by one shown in Figure SB. Also, 
the average number of stops and the delay per vehicle will decrease as the volume increases (see 
Table 29). 
Table 29 - Effects of Increased Spacing and Limitations of Movements 
Average Stops per Delay per 
Vehicles/Hour Speed Vehjc)e Vehicle 
1000 + 4% -60% -22% 
1500 + 10% -49% - 51% 
2000 + 38% -58% - 65% 
Source: Reference QJ) 
Figure 6 illustrates the benefits of reconstructing medians to increase the spacing of 
median openings and to limit movements at remaining openings. Crashes per million vehicle-
miles decreased significantly on both Oakland Park Blvd. and US I, whereas crashes increased 
slightly on a comparable arterial having a median similar to that on Oakland Park and US 1 
prior to their reconstruction. 
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Table 30 - Comparison of Average Operational Characteristics on Two Urban 
Arterials 
Sunrise Oakland Percent 
Parameter Blvd, Park Blvd, Chaniie 
Eastbound 
7 a,m, - 6 o,m, 
Travel speed (mph) 21 24 + 100/o 
Stops per mile l.89 1.12 -41% 
Delay per mile (sec/mile) 52.0 32.4 -38% 
Acceleration noise 2.95 2.70 --8% 
4 o,m, - 6 p,m, 
Travel speed (mph) 19 21 +11% 
Stops per mile l.87 1.90· +2% 
Delay per mile (sec/mile) 65.0 50.1 -23% 
Acceleration noise 3.10 3.09 -0% 
Westbound 
7 a,m, - 6 p,m, 
Travel speed (mph) 22 23 +5% 
Stops per mile l.65 1.46 -12% 
Delay per mile (sec/mile) 45.1 41.6 -8% 
Acceleration noise 2.71 2.71 -0% 
4 o,m, - 6 o.m, 
Travel speed (mph) 17 23 +35 
Stops per mile 2.10 1.36 -35% 
Delay per mile (sec/mile) 85.0 45.9 -46% 
Acceleration noise 2.93 2.83 -3% 
Source: Adapted from Reference ~ 
Inspection of the data summarized in Table 30 shows that the operational characteristics 
of Oak.land Park Blvd. are generally better than those of Sunrise Blvd. This suggests that the 
660-foot spacing ofleft-tum/u-turn median breaks improves operational characteristics as well 
as improves safety. 
However, the comparison between two different roadways does not permit an allocation 
as to the proportion of the difference that may be due to median design and that which may be 
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due to other factors. For example, the effect of traffic signal timing and progression effects, 
driveway volumes, and congestion can have a substantial effect on average travel speed. These 
may mask the effect of the differences in median design. 
Brake applications were also observed on Sunrise and Oakland Blvds.; these data are 
summarized in Table 31. Only 3% of the brake application on Oakland Park were attributable 
to the median. Whereas 29% resulted from traffic using the median openings on Sunrise Blvd. 
This presents the clearest evidence that the longer spacing and left-turn/u-turn median is 
operationally superior to the closely spaced median breaks at which all movements are possible. 
Table 31 - Comparison of Brake Applications on Sunrise Blvd. and Oakland Park 
Blvd. 
Brake applications 
Attributable to; 
Median Effects 
Traffic Congestion 
Traffic Signals 
Pedestrians 
(1>92 runs, 462 brake applications 
<
2>41 runs, 229 brake applications 
Source: Adapted from Reference (W 
Sour:cc<0 
29% 
12% 
55% 
...ili... 
100% 
fer~nt 
Oakland Parlc<2> 
3% 
25% 
72% 
.Jlli... 
100°/o 
This research (.ll, ~) also found that the traffic operation in the middle through lane 
of Oakland Park Blvd. is superior to that on Sunrise Blvd. Furthermore, it was also concluded 
that the Oakland Park Blvd. median design results in 62% less delay to left-turns and 38% lower 
delay to u-turns than the median design of Sunrise Blvd. The researchers gave three reasons 
for the substantially lower turning delay oh Oakland Park Blvd. These are: 
"First, the number of conflicting movements has been reduced, thereby allowing 
the driver to concentrate specifically on choosing an acceptable gap in which to 
execute his maneuver. Second, the sight distance at the median opening 
locations has been improved. No opposing left-turning or u-turning or crossing 
vehicles can obstruct the view of the driver making the turning movement. 
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Third, the geometry or channelization of the u-turn/1eft-turn median opening 
clearly guides the turning traffic into the respective directions." 
The literature contains very little information comparing the operational effects ofleft-
turn ingress movements (i.e., from a major roadway to a driveway) with u-turns followed by 
a right-tum. Because a driver making a u-turn requires a longer gap, the capacity of an 
unsignalized median opening will be less for u-turns than for left-tu.ms. Studies on Oakland 
Park Blvd. and Sunrise Blvd. (ll ~) found that the average delay for u-turning vehicles was 
slightly larger than for left-turns. This is presumable due to the fact that the u-turning 
maneuver is more complex and drivers require a longer acceptable gap. However, the 
comparisons of average delay, average maneuver time, and average acceptable gap was 
inconclusive because of the very small sample size. 
No information was found which compares the traffic operational characteristics of left-
turn egress maneuvers (a left-tum from a connection onto a highway) to the traffic operational 
characteristics of a right-turn followed by a u-turn. 
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GUIDELINES OF LEFf-TURN LANES 
Various guidelines or standards have been developed for left-turn lanes at median 
breaks. Most notable are those proposed by Harmelink (~) and modified by ITE Committee 
4A-2 (11) and the standards used by the Colorado DOT(~. Harmelink's work, and ITE, 
consider the turning and opposing volume. Recent research by ITI (~ considers the left-turn 
volume and the opposing volume as well as the advancing volume from which the left-turns are 
made. The guidelines given in Figure 7 are based on the following two criteria: 1) Minimizing 
total vehicular delay; and 2) A 0.01 (1%) probability that a left-turning vehicle will interfere 
with a following vehicle. The horizontal lines at 325, 350 and 375 vph directional result from 
the conflict between a left-turning vehicle and a following through vehicle at a maximum 
probability of 0.01. 
The research by ITI considered various directional splits over a range of directional 
volumes. This analysis indicated that the results are not sensitive to directional splits between 
50/50 and 70/30. Therefore, it is suggested that the average of the opposing and advancing 
volumes be used as the "directional" volume in Figure 7. This also simplifies the comparison 
with Harmelink and the Colorado DOT curves which are for the advancing volume only. 
Comparison of the TTI curves and Harmelink's (Figure 8) shows that TTI guidelines 
result in use of a left-turn lane at lower directional volumes. This is due to: 1) The Harmelink 
curve is based upon the probability of a gap in the opposing lane, and 2) The ITI curves 
consider whether a turning left from a through lane will affect a following advancing vehicle 
as well as the opposing volume. The ITI curves also account for the fact that, under low 
advancing volumes, through vehicles can change lanes prior to slowing because of a left-turning 
vehicle on multilane roadways. The ITI curves show that a left-tum lane should be provided 
at directional volumes of 325, 350 and 375 vph or more, depending upon speed. Again, this is 
due to limiting the probability that a left-turning vehicle will interfere with a following 
advancing vehicle to 0.01 or less. 
When compared to the Colorado DOT warrants (Figure 9), the ITI curves are more 
liberal at l_ow directional volumes (i.e., higher left-turn volumes are required). This is due to 
a combination of two factors. One, when the turn volume is high compared to the advancing 
volume, the change of a conflict with a following vehicle is small. And two, at low advancing 
volumes, a driver of a following vehicle has ample opportunity to change lanes to a void a 
vehicle turning left from a through lane. 
The curves given in Figure 7, or similar guidelines (Harmelink) or standards (Colorado 
DOT) indicate when a left-turn bay is to be provided. Such curves are most applicable to rural 
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areas and suburban locations where there is little or no traffic progression. In urban areas, left-
turn bays need to be provided at all median openings, signalized and unsignalized. This is 
because the design hour volumes per lane in urban areas will greatly exceed the volume and 
even a small number ofleft-turning vehicles will produce high delays and a high probability of 
conflicts with following through vehicles. Even off-peak volumes on major urban streets 
commonly exceed the 325 to 375 vehicles per hour per lane "cut-off-volumes." 
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Figure 7 - TTI Guidelines for Left-tum Lanes 
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Figure 8 - Comparison of Harmelink and TII Curves 
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Figure 9 - Comparison of the ITI Curves and Colorado DOT Warrants 
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Tum Bay Length 
Once it has been determined that a tum bay is warranted, the next question is "How 
long should it be?" Although AASHTO (l pg. 841) suggests that the functional area of an 
intersection is larger than the physical area (see Figure 10) it presents no information as to the 
functional length. However, logic suggests that the functional area should be comprised of the 
maneuver distance plus any required storage length. The minimum maneuver distance assumes 
that the driver is in the proper lane and only needs to move laterally into a right-tum bay or 
a left-tum bay. 
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Source: Reference(~), Figure 4-16, p. 100 
Figure 10 - Boundary of Intersection 
50 
Maneuver Distance 
The elements of a turn bay (both right and left) are illustrated in Figure 11. As 
illustrated, the taper is included in the deceleration distance. The distance traveled during the 
driver's perception-reaction time adds an additional length to the total intersection maneuver 
distance. The turn bay should be designed so that a turning vehicle will develop a speed 
differential of 15 km/h (10mph) or less at the point it clears the through traffic lane. The length 
of the bay should allow the vehicle to come to a comfortable stop prior to reaching the end of 
the expected queue in the turn bay. 
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Figure 11 - Elements of the Functional Area of an Intersection 
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The parameters which must be evaluated in the determination of maneuver distance are 
the following: 
d 1: The perception-reaction ti.me required by the driver may be as little as one 
second or less for motorists who frequently use the street. However, strangers 
may not be in the proper lane to execute the desired maneuver and may require 
several seconds. 
d2: Braking while moving laterally is a more complex maneuver than braking alone-
- perhaps one-half the deceleration rate utilized in d3• At low deceleration rates 
the driver will have shifted laterally so that a following vehicle can pass without 
encroaching on the adjacent lane before a 10 mph (16 km/h) speed differential 
occurs. At deceleration rates over about 4 fps2 ( 1.2 mps2) the speed differential 
will exceed 10 mph (16 km/h) before the turning vehicle "clears" the through 
traffic lane. 
~: Deceleration after moving laterally into the tum bay should be at a rate which 
will be used by most drivers. Most drivers (85%) will utiliz.e a deceleration rate 
o~ 6 fps2 (1.8 mps2) or more; only about 50% can be expected to accept a rate of 
9 fps2 (2. 7 mps2) or greater. 
d4: Length required to store all turning vehicles. 
Table 32 presents maneuver distances and total distances (maneuver plus PIEV 
distance). These distances represent the minimum upstream functional length of an intersection 
exclusive of queue storage. 
As indicated in the footnotes in Table 32, 1.8 metres per second (6 fps)2 was used as the 
full deceleration rate (distance <4 in Figure 11). This is somewhat less than the 2.1 m/s2 (7.0 
fps
2
) used in previous guidelines such as in Transportation and Land Development. The 
change is due to research (18.), 1977, (12), 1985, which found that most (85%) of drivers will use 
an average deceleration rate of at least 1.8 rn/s2 (6 fps2). Only 50% of drivers were observed to 
utiliz.e an average deceleration rate of 2. 7 mJs2 (9 fps2) or more used in calculating the limiting 
maneuver distance. 
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Table 32 - Calculated Upstream Maneuver Distances 
Minimum Maneuver Distance<n in Metres (Feet) 
Dcsir:abh:. CQDdithml2i J..imitini CQcditiQnt> 
Sceeci Deceler:atiQn <4> TQtaJ <S) Dece)er:atiQD <4> TQta1<S) 
km:'.h ilru2h1 ~ ~ ~ ~ ~ !full ~ ~ 
50 (30) 70 (225) 100 (325) 50 (170) 65 (215) 
55 (35) 90 (295) 130 (425) 65 (220) 80 (270) 
65 (40) 115 (375) 160 (525) 85 (275) 70 (335) 
70 (45) 140 (465) 190 (630) 105 (340) 125 (405) 
80 (50) 170 (565) 230 (750) 125 (410) 145 (480) 
90 (55) 205 (675) 265 (875) 150 (495) 170 (565) 
95 (60) 240 (785) 305 (1005) 170 (565) 200 (655) 
<0All values rounded to nearest 5 metres (5 feet) 
<2>2.5 second perception-reaction time; 1.1 m/s2 (3.5 f ps2) average deceleration while moving laterally into turn bay 
and an average 1.8 mps2 (6 fps2) deceleration thereafter; 16 km/h (10 mph) speed differential 
(3>1,0 second perception-reaction; 1.4 m/s2 (4.5 fps2) deceleration while moving laterally into tum bay and an 
average 2.7 m/s2 (9.0 fps2) deceleration thereafter, 16 km/h (10 mph) speed differential 
<"'Distance to decelerate from speed to a stop while maneuvering laterally into a left-tum or right-turn bay 
<S>oeceleration distance plus distance traveled in perception-reaction time 
Source: Adapted from Reference (ii), 1993 
As the distances in the last column (total distance) of Table 33 indicate, the curb return radius 
or the inside radius of a turning roadway of a channelized intersection has very little effect on 
the length of an auxiliary lane measured from the beginning of the taper of the near driveway 
edge. 
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Table 33 - Effect of Radius and Turning Speed on Deceleration Distance 
Deceleration 
Radius Turning Speed<n Distance<2l 
ms.tr~ (fs.s.tl km/h (mQbl ms.ti:~ m.s.n 
9 (30) Stop Stop 111 (365) 
9 (30) 10 (6) 110 (360) 
15<◄) (S0)'-4) 18 (11) 104 (340) 
23'$) (75)($) 23 (14) 100 (330) 
27 (90) 27 (17) 96 (315) 
46 (150) 40 (25) 76 (250) 
<0Based on Emerson's Equation, Reference (n), 1969, (W, 1970 
<
2~ounded to !km/h (5 mph) 
(3) Assumes vehicle is stopped m ( 10 feet) from the curb line of intersecting street 
<◄~inimum radius for channelized right-tum 
($)Minimum radius for curbed channelizing island 
Source: Reference (il) 
Total Distance 
Decel. + Radius' 3> 
IDS.LC~ ff!Z:tl 
114 (375) 
119 (390) 
119 (390) 
123 (409) 
123 (405) 
122 (400) 
Research Cll), 1970, found that the average lane change maneuver time on a multilane 
street is about 2.8 seconds. Table 34 shows the distances a vehicle will travel in 2.5 seconds and 
3.0 seconds maneuver time for urban and rural design conditions, respectively, while the driver 
is executing a 3.6 metre (12-foot) lateral movement at various speeds. 
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Table 34 - Distance Traveled While Making Lateral Movement Into a Turn Bay 
2.5 Second 3.0 Second 
Speed Maneuver:0> Maneuverm 
k.mLh umilil ~ .(.fes:.tl ~ ~ 
30 (20) 20 (75) 
35 25 
40 (25) 30 (90) 
45 
50 (30) 35 (110) 
55 (35) 40 (130) 
60 
65 (40) 45 (145) 55 (175) 
70 (45) 50 (165) 60 (200) 
75 
80 (50) 65 (220) 
85 70 
90 (55) 75 (240) 
95 (60) 80 (265) 
100 85 
105 (65) 90 (285) 
(!>urban Coaditions 
<
2
>aura1 Conditions and Urban Freeway 
Source: Calculated 
Queue Storage 
Speeds are slower during the peak periods and the maneuver distance, therefore, is less 
than during off-peak hours. Therefore, some peak period queue storage is "built into" the 
dimensions when a turn bay is designed with the distance given in Table 32. For example, using 
the undesirable conditions, there is a 240-foot difference in the maneuver distances for 45 mph 
off-peak speed and a 30 mph peak period speed (465-225 = 240), which is sufficient to store 
about 9 cars. However, it is not unusual to find left-tum queues of 20, 30, or more autos at 
major arterial intersections during peak periods. 
It is essential that sufficient left-tum storage be provided to store all left-tum arrivals 
a high percentage of the time. It is recommended that the design have at least a 95% 
probability of storing all left-tum arrivals during the peak hour and 99% on major urban 
arterials. A 95% probability means that there is a 5% chance that the queue length will exceed 
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the design storage length. For example, with 30 cycles per hour (120 second cycle), the queue 
would, on average, exceed the storage length 1.5 times per hour (30 x 0.05 = 1.5). 
The storage for a single-lane left tum lane at a signalized intersection can be estimated 
by queuing analysis or by the nomograph as shown in Figure 12. 
Using Figure 12 with a left-turn volume of 200 vehicles per hour (vph), a 90-second 
cycle, and 5% trucks, a storage length of about 79 metres (260 feet) is required for desirable 
conditions and about 61 metres (200 feet) for a minimum. These storage lengths would 
accommodate 10 or 11 vehicles for the desirable conditions and about 8 for the minimum. 
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Figure 12 - Storage at Signalized Intersections 
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Besides the methods already noted for determining storage length, one other is 
noteworthy. This simply involves "rules of thumb." 
Rules of Thumb 
(1) Storage Length= 1 foot per vph turning left during peak hour. 
Example: 300 vph, Storage Length = 300 feet. 
(2) Storage Length = (vph/number of cycles per hr) x (2) x (25 ft). 
Evaluation 
Example: for 60 second cycle and 300 vph: 
300 vph/60 cycles per hour= 5 vehicles per phase (average) 
Storage Length= (5) x (2) x (25 ft) = 250 ft. 
Example for a 120 second cycle: 
300 vph/3O cycles per hr = l 0 vehicles per phase 
Storage Length= (10) x (2) x (25 ft)= 500 ft. 
Similar results are achieved when cycle lengths are short: 300 ft. vs. 250 ft. However, 
the first method (1 ft. per vph) results in an extreme underestimate at long cycle lengths. The 
second method gives results over a wide range of cycle lengths which are comparable to using 
queuing theory. 
Storage Length for Dual Left-Tums 
The storage for a dual left-tum lane at a signalized intersection can be estimated by 
queuing analysis, or by the nomograph in Figure 12. The storage length is estimated for a dual 
left-turn bay by dividing this storage length by 1.8. This practice is suggested even though 
recent research (TIJ, 1986, has shown that the saturation flow rate for a dual left-turn bay is 
about the same as for two through traffic lanes. The use of the value 1.8 recognizes that the 
left-turn traffic is not equally distributed between the two turn lanes. Example calculations are 
given in Table 35. In unusual cases, the imbalance between dual turn lanes may be much 
greater. 
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Table 35 - Example Calculation for Dual-Tum Bay 
CQ!lditiQO Peak Q[-~k 
S.l .J.L.S.. SI :u..s.. 
Left-turn volume, vph 200 200 100 100 
Cycle length, sec 120 120 60 60 
Speed, 56 35 72 45 
Trucks,% <! <1 5 5 
Total Storage 
Desirable 114 m 375 ft. 53m 175 ft. 
Minimum 84m 275 ft. 38m 125 ft. 
Double left-tum: 63 m 208 ft. 30m 97 ft. 
Desirable Storage 47m 153 ft. 21 m 69 ft. 
Minimum Storage 76m 250 ft. 130m 425 ft. 
*TQtal Stora~ = Dual Left-Tum 
1.8 
Storage at. Unsignalized Intersections 
Harmelink (~) 1967, developed guidelines for queue storage at unsignalized 
intersections on 4-lane and 2-lane highways. The nomograph for 4-lane highways is shown in 
Figure 13A. A family of curves for various speeds and left-turn percentages were developed 
for 2-lane roadways; an example of one of these nomographs is shown in Figure 13B. 
Harmelink stated that "on four-lane highways, it is the presence of a left-turning vehicle 
extending into the through lanes that will affect capacity and safety ... ," "on two-lane 
highways, it is the arrival of advancing, through vehicles behind a stopped left-turning vehicle 
that will affect safety and capacity, ... " He selected a probability of0.995 of storing all vehicles 
free of the through lanes on divided 4-Iane highways and 0.97 on 4-Iane undivided highways. 
The probabilities of a left-turning not interfering with an advancing vehicle on 2-lane highways 
were 0.980 for a 50 mph design speed, 0.985 for a design speed of 60 mph and 0.99 for a 70 mph 
design speed. 
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Figure 13 - Storage Guidelines for Unsignalized Intersections 
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The nomograph is used by reading horizontally from the opposing traffic volume, V
0
, 
on the vertical axis and reading vertically from the left-turn volume, Vu on the horizontal axis 
and locating the minimum storage length, SP at the point where the horizontal and vertical 
lines cross. For example, 100 left-turning vehicles per hour Yu with an opposing through 
.volume, V0, of950 vph, will require minimum storage length of about 45 metres (150 feet). 
Flexibility 
Flexibility is a very important, but often overlooked aspect of designing for adequate 
storage length. Its importance lies in the fact that either traffic demand or traffic control, or 
both may change, dictating a change in queue storage requirements. 
Taper Design 
A symmetrical reverse curve (S-curve) is suggested for urban design. A symmetrical 
reverse curve taper of 30 metres (100-foot) is suggested for single right-tum and left-turn bays; 
45 metres (150 ft.) is suggested for dual left-turns for urban designs. The reverse curve taper 
more closely approximates the path of a vehicle than other taper designs. These lengths are 
much shorter than indicated by AASHTO and rural oriented design manuals. The shorter 
length helps to communicate that it is a turn bay rather than a lane addition. It also simplifies 
design and provides drivers with a standard expectation. 
The straight line taper is frequently used because of the ease of construction. This 
design is appropriate for very high speed rural conditions where the shoulder is striped for the 
turn bay. Rural practice is to use a taper rate ranging from 8:1 to 15:1 for operating speeds of 
50 to 80 km/h (30 to 50 mph) respectively. The distinct "corner" at the beginning of the taper 
presents an unnatural vehicular pattern. Tire marks also indicate that the "corner" is often hit. 
These "hits" give rise to the possibility of the driver losing control of the vehicle. Therefore, the 
direct taper design should be avoided on curbed urban streets. 
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FULL MEDIAN OPENINGS AND SIGNAL SPACING 
Full median openings should be allowed only at locations which are suitable for 
signalization. Based on the need to operate a signalized system under both peak and off-peak 
conditions, it is recognized that a uniform signal of 0.804 km (0.500 mile) should be used (32., 
.4.Q, ~ 44, ~ • .8.Q). This spacing allows traffic operations engineers to use long (120 second) 
cycle lengths in the peak period while maintaining a traffic speed, (48 km/h, 30 mph) which 
provides reasonably high flow rates and good progression efficiency. This spacing also allows 
the traffic operations engineer to achieve excellent progression using shorter cycles under lower 
volume situations. 
A rule of thumb has been that if a signalized intersection does not conform to the 
uniform spacing interval, the main street green must be increased by 1 % of the cycle length for 
each 1% the signal is out of position in order to maintain progression. However, analysis of 
the information contained in a recent paper by Stover, Demosthenes, and Weesner (fill) 
indicates that this is true at shorter cycle lengths (about 60 seconds). However, at long cycle 
lengths ( 120 seconds) the main street green must be increased by 2% of the cycle length for each 
1 % the signal is out of position if main progression is to be preserved. Thus it is absolutely 
~tial that arterial-to-arterial intersection spacings be an even (nearly exact) multiple of 
0.804 km (0.500 mile) spacing. 
Minor cross-streets (i.e., arterial-collector intersections) can often be located with some 
deviation from the uniform interval. This is the case where the low volume on the cross-street 
approaches can be accommodated with less than 50% of the cycle length. At higher·volumes, 
the cross-street can be "flared" to provide additional approach lanes. For example, a collector 
street which would normally have two approach lanes can be flared to have separate lanes for 
left-turn, through, and right-tum movements. Or it can even be flared to have two left-turn 
lanes in addition to separate through and right-turn lanes. 
Criteria for Signals Out of Position 
Whenever a cross-street, or signalized access drive cannot be located at the precise 
uniform 0.804 km (0.500 mile) interval, analyses should be required to determine if the 
proposed location can accommodate the expected traffic without interfering with progression 
on the major street. Criteria as to specific combinations of pro~ional speeds, cycle lengths, 
and minimum progression efficiency (progression bandwidth as a percent of cycle length) need 
to be specified. The criteria as to minimum progression efficiency might become more liberal 
1 November 1994 61 
(i.e., a lower progression efficiency) as the functional class or access class of the roadway 
decreases. The folloM.ng is an example of what such criteria might look like: 
Level of Access 2 
All the following combinations must be satisfied. 
Cycle Length Progression Speed Minimum Progression 
(seconds) (km!h) (mph) Efficiency (%) 
120 48 30 50 
90 64 40 50 
60 88 55 45 
Level of Access 4 
All of the following combinations must be satisfied. 
Cycle Length Progression Speed Minimum Progression 
(seconds) (km/h) (.mph) Speed(%) 
120 48 30 45 
90 64 40 40 
60 72 45 35 
These are provided as ex~ples of the nature of criteria that should be specified. The 
specific criteria to be adopted must be developed collectively by traffic operations and access 
management engineers. 
PASSER II and/or MAXBAND should be specified as the program(s) to be used in the 
analyses. Additionally, the traffic volwnes to be used must be agreed upon by the approval 
agency (FDOT) and the applicant (or within FDOT for production projects). 
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EFFECTS ON BUSINESS 
The introduction of a raised median on an existing roadway in a developed area is often 
controversial. Highway officials recognize that crashes and delays will be reduced if the median 
is installed. The owners of roadside businesses with no direct opening opposite their entrance 
often believe that their businesses will suffer financially. 
Before and after studies where nontraversable medians were installed on roadways in 
three Texas cities found that some businesses experienced a decline in sales while others had 
increases in sales after the median was installed. This occurred for both "traffic oriented 
businesses" (drive-in restaurants, service stations and motels) as well as "nontraffic oriented 
businesses." The rank correlation coefficient of 0.637 indicated that there is a positive 
correlation between rankings based on percent change in sales and percent change in left-turn 
volume. This relationship is statistically significant at the 99 percent confidence level. 
Construction of a non traversable median eliminated left-turns except at median openings; thus 
left-turns after construction of the median were accomplished by marking "u-turns". 
Analysis of the sales after the installation of the raised median as a percent of the sales 
volume before the installation of the median reveals that businesses along the low-volume 
roadwayssuffered(seeFigure 14). However, on the average, businesses along the high-volume 
route did not experience a decrease in sales; in fact a slight increase resulted. These data suggest 
that a nontraversable median is not detrimental to overall business activity when traffic 
volumes are high. 
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Figure 14- Percent Change in Gro~ Business Sales During and After Construction 
of a Raised Median Compared to Gro~ Sales Before Construction 
The data summarized in Table 36 compares the sales of businesses located at median 
openings with the sales of finns not located at median openings. In the aggregate, there 
appears to be little advantage for a firm to be located near a median opening. This is illustrated 
by the fact that the overall sales volume of businesses which were not located at a median 
opening was 94% of the sales before the raised median was installed. The corresponding figures 
for businesses located at a median opening was 89%. 
Table 36 - Effect of Median Openings on Sales Volume 
Before After 
Firms at a Median Openin& Median Median 
I. Traffic-Serving Businesses 100 99 
2. Nontraffic-Serving Businesses 100 68 
3. Total 100 89 
Firms Not at a Median Otienin& 
I. Traffic-Serving Businesses 100 56 
2. Nontraffic-Serving Businesses 100 100 
3. Total 100 94 
Source: Adapted from References (l 1, .2,,), l964 
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Attitudes 
The results of opinion surveys of interest groups using Oakland Park Blvd. are 
summarized in Figure 15. The findings reveal that all interest groups were of the opinion that 
safety was improved, better traffic operations resulted, and had a favorable opinion regarding 
the change (see Figure 5 for the before and after conditions). 
Table 37 shows the percentage of different affected groups that favored the change in 
the median. It is interesting to note that those who were familiar with Oakland Park Blvd. 
before its reconstruction had a more favorable opinion of the change than those who were not 
familiar with the before condition. 
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Figure 15 - Attitudes Regarding Change In Median Design 
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Table 37 - Percent of Respondents Favoring the Changed Median on Oakland Park. 
Blvd. 
Respondent 
Through Traffic 
Merchants 
Customers 
Total 
Not Familiar with 
The Ori~nal Median 
75 
33 
47 
47 
Source: Florida DOT, Reference CW, 1991 
Familiar with 
The OriignaJ Median 
80 
57 
64 
64 
The opinion survey also questioned merchants about the effect of the change in median 
design on business and property values. Seventy percent of the merchants indicated that the 
retrofit median did not adversely affect the truck deliveries. Most merchants (72%) also 
reported no change in property value. Interestingly, 13%oftheownersofcommercial property 
reported an increase in property value. As shown in Figure 16, a majority (over 60%) of 
merchants reported no change in business. 
Opinion surveys indicated that the affected interest groups generally approved of the 
decrease in the number of median openings (see Table 38). Although 63% of the residents 
indicated that they were inconvenienced, 48% favored the change. This indicates that many 
persons are willing to accept a change in median design although it may cause a change in their 
local travel pattern. 
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Most Business Owners Saw 
No Loss Of Profit 
Small Increase 
5.2°/o L~rge Loss 
12.5% 
Small Loss 
14.6% 
Source: Florida DOT, Reference (.32) 
Figure 16 - Reported Effect on Busin~ 
Several closely spaced median openings on US 1 in Stuart, Florida, were also closed as 
a safety improvement strategy. This resulted in a 22% reduction in the number of vehicular 
crashes. As Table 38 shows, opinions regarding the median closures on this roadway were 
positive. 
Table 38 - Opinions Regarding Closing Median Opening on US I, Stuart, Florida 
Perception of smoother traffic flow 
5'1°/o of the customers favored the project in spite of inconvenience 
48% of the adjacent residents favored the changes yet 63% reported being inconvenienced 
majority of residents felt crime would be deterred 
58% of truckers favored ac.cess control and only 25% felt they were inconvenienced. 
92% of truckers felt safer 
Source: Florida DOT, Reference Q2) 
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NCHRP Project 25-4 is investigating the economic impacts ofrestricting left-turns; this 
study is being conducted by Cambridge Systematics. Several interviews were conducted with 
businesses and property owners. While the results are reported to be mixed, the researchers 
stated that" ... there is some evidence to suggest that in these cases where safety was publicly 
perceived to be a serious problem, the left-turn restriction actually enhanced the level of 
customers coming to an area" (W. The project is attempting to develop a model which will 
help explain the effect of restrictive left-turns on businesses. 
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PEDESTRIAN SAFETY 
Introduction 
Measures to increase vehicular capacity such as a continuous two-way left-tum lane, 
intersection channelization, right-tum on red, multiple through lanes, and short signal phases 
may result in potential problems for pedestrians. The pedestrian-vehicular conflict problem 
becomes increasingly acute as vehicular and pedestrian volumes increase. 
Medians are commonly used on major urban arterials to separate opposing traffic, to 
provide space for left-tum bays and restrict or prevent left-turns and/or crossing maneuvers of 
unsignalized intersections of public streets or private access drives. Medians also provide 
refuge for pedestrians and improved pedestrian safety. The medial refuge allows pedestrians 
to cross one traffic stream at a time. This in tum permits the use of shorter pedestrian 
clearance intervals. 
Ped~trian Accidents by Median Type 
Bowman and Vecellio (22) studied the pedestrian accident experience of arterial streets 
in Atlanta, Georgia; Phoenix, Arizona; and Los Angeles/Pasadena, California. Data for 15 
street segments for each of three median types (raised, continuous two-way left-tum lane and 
undivided) were analyzed. Table 39 summarizes the accident rates and statistical comparison 
of the pedestrian accident rates. Inspection shows that the mean average accident rates for 
raised medians is much less than for streets with continuous two-way left-turn lanes (CL TL's) 
and no median (undivided). However the difference between the pedestrian accident rates of 
raised medians and CLTL's was not statistically significant for streets located in CBD's or 
suburban areas. 
The mean pedestrian accident rate on CL TL's in suburban areas was found to be 
comparable to that for undivided streets and twice the accident rate for raised medians. 
However, the authors concluded that the difference between raised medians and CL TL's, was 
not statistically significant of the 95% confidence level. 
The accident rates for midblock locations at the intersections are shown in Table 40. 
Raised medians in suburban areas experienced much lower mi db lock and intersection accident 
rates than CL TL's in CBD's. Perhaps this difference between the two types of areas is that 
CBD's have high pedestrian volumes and relatively very slow speed traffic flow. Whereas in 
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suburban areas, speeds are high and drivers do not constantly expect pedestrian conflicts 
because of very low pedestrian volumes. 
Table 39 - Pedestrian Accident Rates 
Area Location 
CBD Midblock<1> 
Suburban Midblock 
CBD Intersection<2l 
Suburban Intersection 
OJ Accidents per l 00-million vehicle-miles 
<
2
> Accidents per l 00-million vehicles entering intersection 
Source: Adapted from References (22.), 1994 
~ 
9.74 
3.86 
3.28 
0.97 
Median Type 
Q.IL Undivided 
11.71 21.65 
6.66 6.69 
1.31 4.02 
2.49 2.32 
Table 40 - Comparison of Pedestrian Accident Rates 
Comparison 
CBD Arterials 
Raised -v- CLTL 
Raised -v- Undivided 
CL TL -v- Undivided 
Suburban Arterials 
Raised-v-CLTL 
Raised -v- Undivided 
CLTL -v- Undivided 
OJ Accidents per l 00-million vehicle-miles 
<
2>95% confidence level 
Source: Adapted from Reference (2.2), 1994 
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Mean 
Acddent Rates<'> 
19. l -v- 41.l 
19.l -v- 87.3 
41.1 -v- 87.3 
6.3 -v- 12.9 
6.3 -v- 13.9 
12.9 -v- 13.9 
Accident Rates 
Significantly 
Different<2> 
no 
yes 
yes 
no 
yes 
no 
Long, Gan and Morrison also investigated crashes involving pedestrians on urban 
arterials (~. The data shown in Table 35 indicates that undivided 4-lane urban arterials 
experience a total pedestrian crash rate which is about double that of nonrestrictive medians 
and nearly 5 times that of restrictive medians. Also, as may be expected rnidblock pedestrian 
crash rates are much lower with restrictive medians than undivided roadways and those with 
CLTL's. 
The data in Table 41 also show total pedestrian crash rates on 6-lane arterials are 
slightly higher than on 4-lane arterials for nonrestrictive medians. Except for CLTL's, 
midblock crash rates are about double the rate on 4-lane roadways. 
Table 41 - Crashes Involving Pedestrians on Urban Arterials in Florida 
Median- 4-Lwi~ 
~ 
Undivided 0> 
CLTL<2> 
Flush Paved 
NonRestrictive< 3> 
Flush Grass 
Raised 
Restrictive<"'> 
'
1
~omedian 
· <
2
>continuous two-way left-tum lane 
<
31ndividual plus CL TL 
<◄>Flush _grass plus raised 
Total 
0.18 
0.10 
0.09 
0.10 
0.03 
0.04 
0.04 
<5%ere were no 6-lane undivided urban arterials 
Source: Adapted from References ~. 1993 
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Mjdblock 
0.11 
0.06 
0.04 
0.05 
0.02 
0.02 
0.02 
71 
~-Lall~ 
I2tal MidbJock 
NA<S> NA 
0.11 0.07 
0.12 0.08 
0.11 0.07 
0.05 0.04 
0.08 0.04 
0.07 0.04 
This page intentionally left blank. 
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SUMMARY 
The continuous two-way left-turn lane (CL TL) has worked well as a retrofit in 
developed areas on existing sections of roadway having moderate traffic volumes and low 
driveway traffic. It is not applicable on high-volume, high-speed roadways with moderate to 
high driveway volumes. Moreover, it is not compatible with the movement function 
appropriate for major arterial streets and highways. 
Roadways with nontraversable (raised, flush grass or depressed) medians have been 
found to have substantially lower crash rates than roadways having continuous two-way left-
turn lanes (CLTL's). This is trueforboth4-lane divided-v- 5-lane and6-lanedivided-v- 7-lane 
roadways in both urban and rural areas. The research indicates that CL TL's in urban areas 
should be replaced by a raised median when traffic volumes exceed 24,000 vehicles per day 
(vpd). Thus, all new construction and reconstruction projects should incorporate a 
nontraversable median where the projected traffic volume exceeds 24,000 vpd. 
Increasing the spacing of unsignalized median openings and the redesign offull-median 
openings to allow left-turns/u-turns only also greatly reduces crash rates. Such improved 
median design decreases the crash rate at signalized intersections as well as reducing the total 
crash rate. 
Crash rates involving pedestrians are also lower on roadways with restrictive medians 
(raised or flush/depressed grass) than on undivided roadways and roadways having CL TL's. 
This is true for both midblock and total crashes in which pedestrians were involved. 
Attitude surveys in the Fort Lauderdale area indicated that the majority of those 
affected favor improved median design even though they may be inconvenienced by the more 
restrictive design. 
Turn bays at signalized and unsignalized median openings improve traffic flow and 
greatly improve traffic safety, especia11y at high volumes and high speeds. 
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CONCLUSIONS AND SYNTHESES 
The following conclusions are offered based upon literature reviewed and the state-of-
the-practice relative to medians and the design of major arterial roadways. Syntheses 
statements are in italics. 
1. A nontraversable median should be incorporated in the design of all new 
reconstructed multilane roadways, both urban and rural. 
Research clearly shows that major rural, suburban and urban roadways with 
nontraversa.ble medians have lower average crash rates than those with other 
median designs and undivided highways. For example, see Tables 2, 3, JO, J J, 
12, 13, 15, 16, 18, 20, 23; and Figures 1 and 2. 
2. Tum bays should be provided at all median breaks, both signalized and 
unsignalized in urban areas. Where turn bays are not part of the original 
construction, they should be provided at all median breaks when they become 
warranted by the curves in Figure 7, page 48. 
Turn bays, left and right, remove the turning vehicles from the through traffic 
lane. This reduces the speed differential between the turning vehicle and the 
through traffic stream. Thissubstantially reduces the likelihood ofanaccident. 
(See Reference 39, page 106 or Reference 40, pages 2-29.) 
3. In urban and suburban areas, unsignalized median openings should be designed 
for directional movements (i.e., left-turn/u-turn only, left-turn egress only). 
Crossing maneuvers from driveways or streets should be prohibited by the 
design of the median opening. 
A full median opening has 32 conflict points; of these, 16 a.remajorconflicts (i.e., 
there is a potential for a right-angle or other high relative speed impact). A left-
tum ingress median opening has only one major and 6 minor conflict points. A 
u-turn median opening has one major and 5minorcon.iict points. A direct left-
turn egress has one major conflict point and 6 minor conflict points. The left-
turn egress driver must execute a diflicult weave maneuver in order to merge 
with the through traffic streams, thus left-tum egresshasahighercrashpotential 
than either a left-tum ingress or a u-tum. These numbers of conflict points are 
produced when the conflict is between trallic streams. If one considers the 
conflicts to be with traffic Janes, the problem is much worse. 
0 Toe text in italics is a summary of the logic for the conclusion/recommendation. 
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Full Median Opening 
Left-turn Ingress 
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• 16 Major 
0 
16 Minor 
32 Total 
■ 1 Major 
o 6 Minor 
7 Total 
U-Turn 
Left-turn Egress 
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■ 1 Major 
o 5 Minor 
6 Total 
■ 1 Major 
o 6 Minor 
7 Total 
4. Unsignalized full median openings should be permitted in rural areas only. 
Care is to be taken that the median opening can be redesigned for directional 
movements should the areas urbanize in the future. 
Median openings in rural areas generally expenence low tuming crossing 
volumes. However, cross-roads which may have high traffic volumes should be 
limited to those locations which can be signalized (i.e., they confonn to the 264-0 
ft. spacing of Rule 14.97). All other full median openings should be permitted 
as being temporary. Special ca.re should be exercised with median openings on 
cross-roads in the vicinity of freeway and toll road interchanges. A full median 
opemng should not be permitted witlv.n 2640 ft. of the ramp tenmnals. 
5. Preference should be given to directional left-turn/u-tum openings over direct 
left-tum egress. 
A left-turnlu-tum ca.n serve several dn'veway connections, whereas a left-tum 
egress serves a single connection. 
Ingress Provided by Left-turn/u-turn 
l November 1994 77 
( 1 r 1 ( ) ( 
Egress Provided by Right-turn/u-turn 
( ) r 1 ( ) ( ) ( ) 
Egress Provided by a Direct Left-tum Egress 
6. Directional left-turn egress median openings should not be permitted on any 
median less than 18 feet face-to-face of curb, or inside edge of pavement on 
uncurbed medians. 
When designing a directional median opening, the median width needs to be of 
sufficient width so as to physically prevent the undesired movements. This is 
accomplished byoverlappingthemediannoses, or"wings. "Ifthemedian width 
is Jess than 18 feet, the wings are so narrow as to not allow treatment to provide 
visibility. 
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/--------------
r 
Median Width Insufficient to Preclude Left-tum Ingress 
Intended "Wings• Overlap 
'. Movement 
Median Width Sufficient to Preclude the Left-tum Ingress 
7. Median turn bay lengths (including bay taper) should be sufficiently long to 
allow a driver to move latterly into the turn bay and comfortably decelerate to 
a stop plus adequate queue storage. 
The .mini.mum length will consist of two elements: 1) a length sufficient for a 
left-turning vehicle to move laterally into the tum bay and decelerate to a stop, 
and 2) the length required to store all left-turning vehicles with a veiy high 
probabilityofsuccess. Thespeeddifferential between a left-turning vehicle and 
the through traffic stream should not exceed 15 km/h (JO mph) when the turning 
vehicle clears the through traffic Jane. The queue storage should be suflicien t to 
store all turning vehicles at least 98% of the time during peak periods. 
The design length will be determined by the sum of the off-peak maneuver 
distance plus the off-peak queue storage or by the sum for the peak period 
maneuver distance plus the peak period queue storage, whichever is longer. In 
rural areas, the design length will be determined by the design speed, or posted 
speed, plus a minimum standard storage. 
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The minimum design queue storage length should be at least 50 feet (storage for 
2 passenger cars) on rural areas a.ad at least 100 feet (storage for 4 passenger 
cars) in urban and suburban areas a.ad on cross-roads within one mile of a 
freeway or toll road interchange. · 
Tu.ming volumes cannot be forecast with any <:kgree of reliability. In fact, Jeft-
turo volumes are found to change substantially over a short pen'od of time. 
Therefore, maximum flexibility needs to be designed into median left-tum lanes 
(i.e., beabletoprovidedlllllleft-tumsandlorexteadthelength ofthetum bay). 
A minimum media.a width of at least 28 feet, preferably JO feet, is needed for 
dual left-tu.ms. Lengthening a turo bay may necessitate closure of an existing 
median opening. 
In low-volume situations, the inability to forecast left~tum queue storage 
requirements ca.a be addressed by adoption of a minimum. For example the 
province of British Columbia requires a.minimum of4cars(JOOfeet, JO metres). 
8. Bay tapers in urban areas, or where urbanization may occur should be no longer 
than 100 feet (30 metres) for a single left-turn and no longer than 150 feet (45 
metres) or less for a dual left-tum bay. A symmetrical S-curve, not a straight 
line taper, should be used for the bay taper. 
The bay taper should be shorter than the dista.nce the turning vehicle wi/J travel 
while moving at peak period conditions. This is about 110 feet (34 metres). The 
short, "blunt" taper design also communicates the beginning of a tum bay as 
opposed to a roadway widening a.ad provides "maximum storage" should the 
queue length become excessive. 
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Distance traveled in 
lateral movement 
11S-curve• 
taper 
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9. The minimum spacing of unsignalized median openings on high speed (>45 mph, 
72 km/h) urban arterials should be at least 1320 (402.6 metres) feet. The 
minimum spacing of unsignalized median openings on slower speed ( <45 mph. 
<72 km/h) multilane divided urban arterials should be at least 660 feet (201.3 
metres). 
Prion'ty for median access must be given to signalized intersections. And, the 
tum bays at these intersections need to be of sufficient length to allow 
deceleration to a stop plus storage. At a major intersection this is commonly 
several hundred feet. ADowing a left-tum bay in the opposite direct.ion oftra. vel 
will, 1) interfere with a future extension of the tum bay for the signa.lized 
intersection and/or 2) result in an excessive speed differential between vehides 
usiIJg the unsignalized median opening and/or 3) a narrow S-shaped median. 
10. The minimum length of full width median between directional left-turn/u-turn 
bays serving traffic in opposite directions should be at least 50 feet. 
f:ull-width medi~ 
' ►, 
I I 
Median •nose• 
~ 
Median •nose• 
A minim.um length of full median width is necessary to provide landscaping so 
as to improve the visibility (and aesthetics) of the median. A narrow 2 to 6feet 
(0. 6 to 1.8 metres) wide median (''spaghetti string") which is several hundred feet 
long does not provide good visual delineation to drivers, especially a.t night. 
29 November 1994 81 
11. Wherever possible, the width of a nontra versable median should be at least 30 
feet (9 metres) in both urban and rural areas. 
A median width of JO feet (9 metres) will provide for a dual left-tum bay plus a 
6-foot (J. 8 metre) median nose, (the minim um where only a few pedestrians may 
be encountered). This width also providessuflicient width to design directional 
unsigna.Jized median openings, which by their design can physically prevent 
wrong direction movements. In rural areas it will aJlow the median storage so 
that a passenger car can cross one roadway {direction of traffic) at a time. 
Mere trucks are expected to make crossing of or left-turns onto the major 
roadway, the median width should be increased to accommodate the longest 
truck expected to use the median break. 
12. All new roadways with a 24-hour design volume of 24,000 or more should be 
designed with a nontraversable median of at least 30 feet (9 metres). 
Various studies have shown that nontraversable medians become safer than 
other median designs as volumes increase. The 24,000 ADT is supported by the 
research conducted by the Georgia Institute of Technology. The JO-foot width 
is needed for the swtab/e design of dlilli Jefl-turo bays and unsignalized 
directional median openings. 
13. A nontraversable median should be incorporated into the design of all existing 
roadways programmed for reconstruction if the projected volume exceeds 24,000 
vehicles per day. 
Sa.me rationale as #12 above. Hor,rever, right-of-way restrictions may 
necessitate a narrower median. 
14. All major undivided roadways and all roadways with a continuous two-way left-
turn lane should be reconstructed with a nontraversable median when the ADT 
reaches 28,000. Priority should be given to installation on "7-lane" sections. 
Nontra versable (restrictive) medians have been found to have lower crash rates 
than roadways having a continuous two-way left-turn Jane (CLTL). Roadways 
with 6 through Janes plus a CLTLhave, or will have, high volumes. The 7-/ane 
section provides no protection to pedestrians while they cross a wide, high-
volume roadway. The left-tum egress movement across 3 traffic Janes is 
particularly dillicult and high nsk. 
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15. The width (face-to-face) of the median nose (median width between the left-turn 
bay lane and the opposing traffic lane) should be at least 6 feet (1.8 metres) in 
urban areas. 
This is the commonly accepted minimum width where some pedestrians may be 
present. If moderate to high pedestrian volumes may be encountered, a wider 
median nose will be needed. 
16. The semi-circular median and design should be used only where the width of 
median nose is less than 3 feet (0.9 metres). 
The semi-circular design. does not conform to vehicular fuming paths. The half 
bullet-nose better matches the turning path and substantially reduces vehicular 
hits. 
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17. A median opening should not be permitted across a left-turn bay. Where such 
openings exist they should be closed. 
L 
Close 
~------. 
Such median openings result in a dn'veway withia the functional area of a.n 
intersection and seriously interferes with the smooth opera,tion of the 
intersection. Such an opening can also be expected to produce a hazardous 
situation. 
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APPENDIX A: MODELS 
Current Models 
Various researchers have developed regression models for calculating the expected 
number of crashes per mile per year for different median treatments (ll, .81, .8.8., .82, 2.Q, 22). 
Walton and Machemehl GIB), and McCoy and Ballard (8.2.), developed models forcontinuou.~ 
two-way left-tum lanes (CLTL's) only. Howard (2.Q.) and Squires and Parsonson (ll), 
developed models for crashes per mile per year as well as crashes per million vehicle miles. 
Parker first developed a prediction model in 1983 (~, and a revised model in 1991 (.81). The 
several variables included in the various models are identified in Table A-1 (undivided 
roadways), Table A-2 (CL TL's) and Table A-3 (raised medians). 
Calculated crashes per mile per year are given in Table A-4 for the following conditions: 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
100,000 population 
50 driveways per mile 
2 signals per mile 
8 unsignalized intersections per mile 
5% trucks 
commercial development adjacent to roadway 
4 through lanes 
$250 crash report threshold 
16-foot median 
40 mph speed limit 
It should be noted that the last three variables are unique to the Bowman-Vecellio model. 
Inspection of Table A-1 reveals the following: 
I. The various models give quite different results for the same conditions. 
2. The Bowman-Vecellio model consistently predicts fewer crashes on roadways 
with raised medians than on CLTL's and fewer crashes on roadways having a 
CL TL than on undivided roadways. 
3. The raised median typically has the lowest predicted number of crashes. The 
exceptions are the Squires-Parsonson model for 20,000 and 30,000 ADT's. And 
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the Harwood model (midblock and unsignalized intersections only) which 
predicts fewer crashes on a CLTL for a-11 four ADT levels. 
4. The average of the various models (excluding Harwood) generally result in fewer 
crashes on roadways with raised medians than with CL TL's. When the 
Bowman-Vecellio model is included in the average, the predicted total number 
of crashes is consistently lower for the raised median and highest for the 
undivided roadway. 
5. Inspection of the average number of total crashes, including the Bowman-
Vecellio model suggests that the number of predicted crashes increases in a linear 
manner from an ADT of 10,000 to 40,000. Whereas the rate of increase in the 
predicted crashes for raised median begins to level off from 30,000 to 40,000. 
The fact that the different models produce quite different results is probably due to the 
localized data base from which each regression model was developed. The consistency of the 
Bowman-Vecellio model in predicting total crashes may be explained by the large and 
geographically diverse data base. The siz.e of the various data bases is given at the bottom of 
Tables A-2, 3, and 4. The logic of the pattern of total crashes is supported by various studies 
which show that raised medians are safer than CLTL's and CL TL's are safer than undivided 
roadways (11, 22, 23., 21, .22, 11. .82, .83., ~. ~). 
If the various models were used to predict crashes for a variety of other conditions 
(population sizes, driveways per mile, signals per mile, unsignalized intersections per mile, etc.) 
a different pattern between the various models may result. Or, the relative values of the 
predicted crashes may be consistent (i.e., the model giving the largest value for say, 20,000 
ADT) and raised medians may be consistently higher than the others over a range of 
conditions. 
The following may explain some of the differences in the number of crashes predicted 
by various models: 
1. The number of crashes will decrease as the reporting threshold increases. 
Bowman and Vecellio included this variable since their data base included data 
from three cities in three different states. This will explain some of the difference 
between the Walton-Mechemehl (Texas) and Parker (Virginia) models for 
example. 
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2. Bowman-Vecellio considered the number of signalized intersections per mile but 
found it not to be statistically significant. Presumably because the number of 
signals per mile is correlated with other variables in the model such as the 
number of driveways and unsignalized intersections per mile and type of 
adjacent land development. McCoy-Ballard also found signals to be not 
significant for undivided on CL TL roadways as did Chatterjee, et al for both 
raised medians and CLTL's and Squires-Parsonson for raised medians. 
3. Crashes tend to decrease as speed increases. Bowman and Vecellio (22) explain 
this apparent conflict with logic by noting that higher speeds generally occur 
where development, and traffic conflicts, are lower. It may be due to speeds 
being higher where there is good median and marginal access control. 
The Bowman-Vecellio model (Table A-2) appears to be the best by virtue of its logical 
and consistent results. Again, this may be due to its large, geographically diverse data base. 
It may therefore be the most transferable. 
The results produced by the Harwood model are not consistent with logic on other 
research {ll, 22, _n, ~. 22, 11, .82, .81, ~. ~). Similarly, some of the proposals regarding 
CL TL's and medians in NCHRP Report 330 (21) also seem to be counter-intuitive and in 
conflict with other research. 
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Table A-1. Variables Included in Undivided Roadway Crash Prediction Models 
Crashes Per 
Crashes Per Mile Models MVM Models 
Variable Parker 1983 McCoy & Ballard Harwood 
ADT X X X 
Population 0 
Driveways Per Mile V X 
..,. 
""' A 
Signals Per Mile X 0 
Unsignalized Approaches Per Mile 0 X 
Public Street Approaches Per Mile X 
Percent Trucks X 
Left-Tum Volume C 
Development Type X 
Reporting Threshold 
Office Land Use 
Business Land Use 
Area Type 
Median Width, Feet 
Crossovers Per Mile 
Speed Limit, MPH 
Years of Crash Data 3 4 5 
Number of Sections 14 5 129 
Total Section Length, Miles 16.6 6.4 73.3 
Through Traffic Lanes 4 4 4 
R2 0.79 0.82 na 
( l )pu bhc street approaches mcl ude all Illl11or cross-streets at signalized or unstgnalized mtersecttons 
X - variable included in model 
0 - variable considered by not statistically significant and thus not included 
C - variable is significant but correlated with another more significant variable 
Blank : variable not iucluded 
na - not reported 
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. TabJe A-2. Variables Included in CLTL Crash Prediction Models· 
Crashes Per Mile Modeb 
Variable Squires& Chatterjee:, 
Parker 1983 Parker 1991 PaN<>nson cl al 
ADT X X X X 
Population X 
Driveways Per Mile 0 0 0 0 
Signals Per Mile X X X 0 
Unsignalizcd Approacbca Per Mile 0 
Public Strcc:t Approaches Per Mile X X X 
Percent Trucks 
Left-Tum Volume 
Development Type 
Rcponing Threshold 
Office Land Use 
Business Land Uac 
Arca Type X 
Median Width, Fcc:t 
Cros:iovcra Per Mile 
Speed Limit, MPH 
Y car, of Cnuh Data 3 3 ) )-4 
Number of Sc:ctiom 17 5 42 12 
Total Section Length, Miles 12.2 oa 62.5 19.7 
Through Trame Lanes 4 4 4 4 
Rl 0.75 0.73 0.60 0.65 
I )public strcc:t approacncs mctudc aJI mmor cross-streets at 51gnanzco r uns1gnal1ZCt mtcrsccuons 
X • variable included in model 
0 • variable considered by oot statistically significant and thus not included 
C • variable is significant but correlated with anothc:r more: significant variable: 
Blank • variable not included 
na • not reported 
Bowman& 
Vca:llio 
X 
X 
X 
X 
X 
0 
0 
X 
0 
X 
3-S 
178 
55.1 
4&6 
na 
Cnuba per MVM Modcb 
Walton& McCoy& Squires & 
Macbo:mc:bl Ballard Harwood Parsonson 
X X X X 
X 
X 0 X 0 
X 0 X 
0 X X 
X 
C 
X 
na 4 5 ) 
na 4 135 42 
na 4.35 91.2 62.5 
4 4 4 4 
0.75 0.84 na 0.44 
Table A-3. Variables Included in Raised Median Crash Prediction Models 
Crashes Per Mile Models 
Variable Parker Parker Squires & 
Chatterjee, Bo\lll'Ilan 
1983 1991 Parsonson et aJ & Vecellio 
ADT X X X X X 
Population X 
Driveways Per Mile X 0 0 0 0 
Signals Per Mile X X X 0 
U nsignalized Approaches 
Per Mile 0 0 0 
Public Street Approaches 
Per Mile . 0 0 
Percent Trucks 
Left-Turn Volume 
Development Type X 
Reporting Threshold X 
Office Land Use X 
Busines., Land Use 0 
Area Type 0 
Median Width, Feet X 
Crossovers Per Mile 0 
Speed Limit, MPH X 
Years of Crash Data 3 3 3 3-4 3-5 
Number of Sections 19 3 15 11 178 
Total Section Length, Miles 28.2 na 24.7 19.9 55.1 
Through Traffic Lanes 4 4 4 4 4,6 
R2 0.73 0.84 0.77 0.65 na 
·) public street approaches include all minor cross-streets of signalized or un~ignali:zed intersections 
.,: - variable included in model 
-' - variable considered by not statistically significant and thus not included 
:ank - variable not included 
1 - not reported 
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Crashes Per 
MVM Models 
Squires & 
Harwood Parsonson 
X X 
X 0 
X 
X 0 
X 
0 
X 
5 3 
44 15 
21.8 24.7 
4 4 
na 0.80 
z 
0 
~ s 
i 
,._;. 
\() 
'R 
\0 ...... 
Table A-4. Number of Crashes Per Mile Per Year Predicted by Various Models 
ADT 10,000 20,000 
Median Undivided CLTL Raised Uodividcd CLTL Raised 
Total Cr.uhes 
Parker(86) 27 18 43 32 
Squua& Parsoiuon (11) 37 JI 56 
Q1altcrj«, Cl aJ (84) ss 46 90 81 
Walton & Macbemchl (88) 37 88 
McCoy & Ballard (89) 31 33 90 81 
Bowman& Vccellio(92) 63 43 25 S8 
Average 
w/Bowman 47 39 32 126 60 ss 
w/o Bowman 38 28 5S 56 
MiJbloc..-k am! Unsignali:la.l lntima.:lioDII Only 
Harwood (90) 26 20 26 52 39 52 
blank -indicates that a model not developed fortlm treatment orindcpcndcnl variable is outside of the range used 
10 develop the model 
30,000 
Undivided CLTL Raised 
S8 45 
69 15 
125 116 
78 
190 128 15 
190 92 78 
82 19 
80 59 78 
40,000 
Undivided CLTL Raised 
73 59 
108 94 
98 
253 170 IOI 
253 112 85 
93 76 
105 78 104 
Table A-5. Bowman - Vecellio Accident Prediction Model 
Median Type 
Variable Variable Name Undivided TWLTL Raised Median 
Exposure Bo intercept 0.000365 0.000365 0.000365 
B, ADT l 1 l 
B2 Segment Length, Len l l l 
Explanatory Co intercept 1.88 3.71 7.21 
C I Reporting Threshold, Thr -0.00303 -0.00278 -0.00788 
C2 Office Land Use, Off 1.06 -0.0723 -0.448 
C3 Bu:rin~ Land U13e, Bus 0.657 Ob Qb 
c. Area Type, Area 0.457 Ob Ob 
Cs Median Width, Med Ob 0.0354 -0.0276 
c6 Unsig. Approach Density, Unsig Ob -0.0606 Qb 
C1 Tmveway f>ensity, Drv 0.0132 0.0129 Ob 
Ca· Crossover Density, Cross Ob Qb 0.0962 
C9 Speed Limit, Spd Ob -0.0339 -0.070 
Database Years of Accident Data 3-5 
Number of Sections 152 178 [50 
Total Section Length (mi) 38.9 55.1 5 l.9 
Through Lanes 4 and 6b 
b - considered, but not Found to be stattsticall si 'ficant y gm 
Source: .Bowman-Vecellio W 
e.rpla.natorytcrms= C0 + ½Thr+ C;Off+ Cjlus+ C~+ C.,Med+ C0 Unsig+ Cprv+ C8Cross+ C,spd 
where, 
A 
ADT 
Len 
== number of crashes per mile per year; 
== average daily traffic; 
== road segment length, miles; 
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Thr = accident reporting threshold, $; 
Off = type of development adjacent to roadway (1 if office, 0 if other); 
Bus = type of development adjacent to roadway (1 if business, 0 if other); 
Area = area type (1 if CBD, 0 if suburban); 
Med = median width, ft; 
Unsig = unsignalized intersection approach density, number of approaches/mile; 
Drv = driveway density, number of driveways/mile; 
Cross = median crossover density, number of crossovers/mile; 
Spd = speed limit, mph; 
Bi = regression coefficients for exposure variables; and 
Ci = regression coefficients for explanatory variables. 
Research in Progress 
NCHRP Project 3-49 includes an evaluation of the various crash prediction models 
developed to date. The project will also develop a safety model for the following midblock left-
tum treatments: 
• 
• 
• 
Undivided 
Continuous two-way left-tum lane (CL TL) 
Raised median with left-turn bays 
NCHRP Project 3-49 is also to develop an operations model which will consist of the 
following 5 models: 
I. Mainline volume adjustment models to provide an initial check of left-tum 
volume to capacity. 
2. Mainline left-tum module - calculate the capacity, delay and queue length of 
mainline left-turns; also to calculate the impedance among overlapping left-turn 
queues. 
3. Mainline thru-lane modules - to evaluate the impact of left-turns on mainline 
operations the moduie will calculate the delays and stops of through traffic and 
the through lane capacity. 
4. Midblock section modules - the total through traffic delay and stops as well as 
average travel speed in each direction will be calculated. 
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5. Acces.s point module - this module will utilize the unsignalized intersection 
capacity developed under NCHRP Project 3-46 "Capacity and Level of Service 
at Unsignaliz.ed Intersections." 
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